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^ Riversj as every body has seen, are always broadest at the mouth, 
and narrower towards their source. But what is less known, and 
probably more deserving curiosity, is, that they run in a more direct 
chaiiue) as they immediately leave their sources j and Ihat their 
sinuosities and turnings become more numerous as they proceed* It 
is a certain sign among the savages of North America, that they 
are near the se», when they find the rivers winding, and every now 
and then changing their direction. And this is even now become an 
indication to the Europeans themselves^ in their journeys through 
those trackless forests. As those sinuosities, therefore, increase as 
the river approaches the sea, it is not to be wondered at, that they 
sometimes divide, and thus disembogue by different channels. The 
Danube disembogues into the Euxme by seven mouths; the Nile, 
by the same number;, and the Wolga, by seventy. 

There are some rivers which are said to lose themselves in chasms 
under the earth« and to flow for several miles in secret and undis- 
covered channels. On tlib circumstance is founded one of the most 
beautiful fables of antiquity, relative to tlie fountain of Arethusa, 
in Sicily. Tlie same thing is affirmed of the Rhine, and even of 
the river Mole, in Surr)*, which from thb circumstance derives its 
name. With respect to the two latter rivers, however, some doubts 
are entertained of the aserted fact. 

On thb subject there is a valuable article in the Memoirs 
lately published, by the abb6 Guettard. " It is very surprising (he 
observes) if we reflect on it, that a river in its course, which is very 
often very extensive^ should not meet with spongy soils to swal- 
low up its waters, or gulphs in which tliey are lost ; nevertheless, as 
there has been hitherto known but a small number of rivers whose 
waters thus disappear, this phenomenon has been accounted very 
extraordinary, both by the ancients and moderns. M. Guettard 
next describes what he has observed in several rivers of Normandy, 
which are lost and afterwards appear again ; these are five in num- 
ber, viz. the Rille, the Ithom, the Aure, the river of Sap Andr6, 
mid the Dr6me. The three first disappear gradually, and then come 
in sight again ; the fourth loses itself entirely by degrees, but after- 
wards re appears ; the fifth loses some of its water in its course, 
and ends by precipitating itself mto a cavity, whence it is never 
aeen to ,rise again. 

What s^ms to occasion the loss of the Rille, the Ilhon, and the 



€JkTMtLACTU AHP IKUN0ATION«« 7 

AtDCp u the nature of the soil through which they pass. M. Guet* 
tard ha:i ohserved that it in general porous, and composed of a thick 
•and, the grains of which are not well compacted together ; it sinks 
suddenly down by its own weight in some places^ and there form* 
great holes ; and when the water overflows the meadows, it fre- 
quently makes many cavities in several parts of them. If we there- 
fore suppose inequalities in the channels of these rivers, and that 
there are certain places in which the water stagnates longer than in 
others, it must there dilute tlie ground, if we may use that expres* 
sion ; and having carried away the parts which united the grains of. 
sand together, those grains will become afVerwards no other than a 
kind of sieve, through which the waters will filtrate themselves, pro* 
vided nevertheless that they fiud a passage under.ground through 
which they may run. This conjecture appears to be so well founded, 
that each of these three rivers loses itself nearly in the same man* 
ner, that is, through cavities which the people of the country call 
betoirs, and which swallow up more or less according to their large- 
ness. M. Guettard, who has carefully examined them, remarks, that 
these betoirs are holes in the form of a tunnel, whose diameter and 
aperture is at least two feet, and sometimes exceeds eleven ; and 
whose depth varies in like manner from one and two feet, to five^ 
she, and even twenty* The Rille during the summer season loses 
almost alLits water in the space of two short leagues; the Ithon 
does very near the same. But M* Guettard observes something 
curious concerning this river, that formerly it was not lost, but kept 
its course without any interruption, as appears by the history of the 
country ; very likely the mud, which had been collected together in 
several parts of its channel, mi^ht have occasioned the waters re# 
nnining in others, and have caused many betoirs. This is the more 
likely, as the mud having been collected together in the bed of the 
river Aure, it appears that, in consequence, the cavities were greatly 
increased, which makes it lose itself much sooner than formerly. 
Besides, possibly an earthquake happening in tbe country might have 
caused several subterraneous canals through which the water of the 
Ithon has forced its way. In effect, it appears, that a soil's being 
porous is not sufficient to cause tbe loss of a river ; for if it was, 
then to do so it would occasion many fens round about, nor would 
|t re^ew its course after having disappeared a certain tiipc ; it mu$i 

B4 
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besides find ways ander-groond through which it nay take it)i conne. 
M, Gnettard seems also much inclioed to believe, that there are, io 
these parts, subterraneous cavities through which the waters may flow ; 
and in consequence of this he. reports a number of facts, all tending 
to prove the truth of it, or at least to prove that there must be 
hollow quarries serving for strainers to these waters. Upon which 
occasion he goes into a discussion of this question: Are there any 
subterraneous rivers, and is the prepossession of some persons in 
favour of this particular well founded t He makes it appear by ae. 
ytn\ instances which he quotes, and by many reasons %hich he 
alleges, that there are at least very great presumptions in favour of 
this opinion. We are too apt not to look beyond the exterior of 
things: we leel resistance upon the surfiice of the earth ; when we 
go deep, we often And it it compact It is therefore hard for us to 
imagine tliat it can contain subterraneous cavities suiicient to form 
channels for hidden rivers* or for any considerable body of water ; 
in a word, that it can contam vast caverns ; and yet every thing 
seems to indicate the contrary. A (act that b observed in the betoirs 
of the rivers concerning which we have spoken, and particularly of 
the Rille, proves in some measure that there are considerablie lakes 
of waters in the mountains which limit its course; this fact is, that 
In winter the greatest part of their betoirs become springs, which 
su^ly anew the river's channel with as much water as they had ab- 
sorbed from it during the summer. Now from whence can thift 
water come, unless firom the reservoirs or lakes that are inclosed in 
mountains, which being lowetthao the river in summer, absorb its 
waters, and being higher in winter by the rain they receive, send it 
back again in their turn t 

M. Guettard strengthens this coqjecture by several instances that 
fender it very probable : he remarks at the same time, that this al- 
ternate effect of the betoirs swallowing up the water and restoring 
it again, causes perhaps an invhicible obstacle to the restraining of 
the water withai the channel of the river. It has indeed been se. 
Teral times attempted to stop those cavities; but the water returns 
with such violence in winter, that it generally carries away the ma- 
teriab with which they were stopped. 

The river of Sap-Andr^ b lost in part, as we have before said, in 
-file jNune muioer as the Ithon and the RiUe ; but there b something 
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more remarkable in it than in those rivers; to wit, that at the ex- 
tremity of ils course, where there is no perceptible cavity, it is in. 
gQlphed, but without any fall ; the water passes between the pebbles, 
and it is impossible to force a stick into that place any further than 
into the betoirs of which we have spoken. What makes this river 
take that subterraneous direction, is an impediment which its stream 
meets with in that place ; it is there stopped by a rising ground six 
or seven feet high> whose bottom it has very likely undermined, to 
gain a free passage, not havmg been able to make its way over it. 
At some distance it appears again ; but in winter, as there is a greater 
quantity of water, it passes over that eminence, and keeps an unin- 
terrupted course. 

Lastly^ the Dr6me, after having lost some of its water in its 
course, vanishes entirely near tlie pit of Soucy ; in that place it 
meets with a sort of subterraneous cavity near 25 feet wide, and 
more than 16 deep, where the river is in a manner stopped, and 
into which it enters, tliough without any perceptible motion, and 
never appears again. 

M. Guettard 6iiibhes this memoir with some observations upon 
the lerre. This river is lost in the same manner as the Rillc; and 
though it is very near Paris, this singularity b unknown to almost 
every body; was it not for the account of M. I'Abb^ le Bceuf, M. 
Guettard would have been also ignorant of it. And as he tliinks the 
chief object of a naturalist's observation ought to be the public good, 
he examines the means which might be employed to rtstrain the 
water of the lerre. The same object has made him add a descrip- 
tion of the manner how the Rii6ue is lost, or rather how its course 
is disturbed ; for it is now very certain that it does not lose itself, 
but that its channel is extremely confined, in the place where it wasi 
pretended that it lost itself, by two mountains, between whose feet 
it runs. M. Guettard makes it appear that it might not be impos- 
sible to widen that place, and give a sutlicient channel to the river, 
which would render it navigable, and be of vast utility to all the 
country. " 

Pantologia, Art. Rivers. Phil Trans. Year I690. 
Mem. de VAcad, des Sciences, 
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SECTION II.' 
Prvuipat Rivart in tk» different Quarter* »/ the World. 

The general course of llie largest rivers we arc acquaiDtril with 
ii from It tliousand lo two tlioiisan<t miles ; and we have Ihem of 
thia lent;lli in vwry t)uarter of Ilie world ; yel in no iastancp do w« 
find them muclt exceeding two tlionsand miles long. We iball com> 
mence our rapid tour with iLnse of 

AStA. 

IV riten ttnt'facR attnci our stteDlioii m llw Indue a^d the 

Ganges 

Tlie In DOS ia by the nutives called Sinite or Sindet, and in the 
Sanscrit language iiKndho. It is aUo called Nibb, or llie Blue 
Hirer. The source, both of this and nf [he Ganges, are to this hour 
nuknown : Major Keniiell, and vHtious oilier gpograpbersi hiive of> 
fered opinions upon llie subject, but at jiretrnl they are opinions 
anil nothing more. It is generally supposed to originate in the 
mountains of Mus Tag, which, as laid down by Strahlenburg, ruu 
from west to east, forming a chain lo the soulli of Little Bucliaria. 
Its compuralive course may be about a thousand British miles, when 
it fonw a Delta in the proriDce of Sindl, entering by Dumeroos 
noutba ialo the ludiaa aea. 

The Iributarr ilKania «i Ibe Indus chiefly join it in llie northern 
kalf of it* GooiMi where ibey form the Panjab, or county of Five 
. BivcTS. From the weal run into Indus the Kamet, with it* auxiliary 
BlrcBms, and the Coniul ; from, the cut Ifae Bahut or Hydaspes ; 
tbe^hunab or Acesinas; (he Kauvee or Bydraole* ; and the Sei> 
lege or Hesudrus, being on the east of the Indus. The whole of 
this part of Hindustan i* even at present but little known to the 
modems ; and it ii uncertain whether ibe Caggsn, a conwHerable 
and distant river to the east, joins the Indus or falls into the gnlpb 
ef^Cuieh. 

Tbe.GANOB8 11 a *tfll nobler stream, both ui magnitude and 
length ; for it ia swelled by tributary stream* of still greater number 
and power, and H* compantive length can be scarcely estimated al 
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less tbao fourteeu hjindred British miles. The Bominiportt or Bur. 
ranopooler^ which is its proudest auxiliar^t ^ nearly as long as it- 
self; it is generally conceived that their sources are not very distant 
from each other, though we have no decisive information upon 
this subject, and they separate from each other to the distance of a 
thousand miles before they unite and constitute one common stretm, 
falling at length into the Bay of Bengal by several mpuths. Ganga, 
we iiave already observed, is an Hindoo term for river generally^ 
and is peculiarly applied to the river before us on account of its un- 
rivalled magniilcence. The Hindoos bear a superstitious veneration 
for all the great rivers which fertilize their country ; but the waters 
of the Ganges are held peculiarly sacred. What tends to increase 
the veneration which is paid to the Ganges is, that its impetuous 
force, by which it has opened a passage through mount Himmeleh 
and reappears, amidst impending rocks, which the natives consider 
as forming a strong resemblance to the head of a cow^ expanded to 
an immense size> an animal which is as highly esteemed by the Hin* 
docs as the apis or sacred ox was in ancient times among the Egyp- 
tians. No river in the world imparts greater benefits to the regions 
through which it passes; for by annually overflowing its banks like 
the Nile, it waters and manures the country to an extent of an huo« 
dred miles. The Hindoos having deified this river, make it an act of 
religion to go in pilgrimage to it ; they suppose the waters to purify 
from defilement such as bathe in them, and they bury their dead in 
its slimy shore. It is, moreover, customary with them to remove 
those who are on the point of death to tlie banks of the Ganges, or 
of some creek which runs into it; for, if an Indian die^ in his own 
house, it is rased to the ground. The Hindoos do not always biury 
their dead, but as frequently bum the corpse, when the ashes are 
carefully collected by the bramin, who presides at the ceremony, and 
thrown into the sea or nearest river. Those who can afford the 
expeuce, have such ashes put into an urn, which is soldered up, and 
carried to be thrown into the water of the Ganges. Rude simpli- 
city is ever prone to mistake the blessings of the Deity for theDefty 
himself*. 

• There is a very excellent paper upon the course of the <langes and Burram^ 
pooter from the pen of Major Rfnncll, in the Philosophical Transactions, Vol. 
LXXI. aru ix, but too long for insertion in the present work. The reader who 
is desirous of pursuing the subject farther, may turn to it with great advantage. 

Editor. 
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- Beaidei tbeteimyMtk riven we ought nnt to leave annoliced tlie 
Pciy«b; ifae OMiveri, or Oanga; the Kerbudda; the Kistna, a 
itream peculiarly tacred, that riwi at Baluur, not ftr to the south 
of Poanab, and is equally celebrated for the fertility it diffuses, and 
the rich diamond minet which it vtiits,' particularly those of Visia- 
pour and Oolronda ; the Pennan; the Paliar; and the Caveri, 
which last pHsses by Seringa par Hit), the capital of Mysore, forniiug 
a wider delta or Iriaiigle tbau any oilier iioTtlicru river, and enter* 
itig into the sea after a course of about three hiiudted miles. 

Tlie Euphrates is derived from two sources; one of which 
is abiiut feventb miles from ihe shores of llie Engine or BlarJt 
Sea, and tininiug a circuitous course of five lininlred leagues, first 
Koutli westward, and then sourli.ea&lward, discharges iraell iiittfihe 
Persian gulf. About an hundred miles norlb-uest uf Bassoni it ii 
joiued by the Tiohis, which rising near the EiiplirJlra, proceeds 
in a pri'ity sivaiglit tuur^e lliruiigh Armenm Major, or 'lurcomania, 
until it forms iis juticiion, Uu this river the aocient city of Nineveh 
is supposed to have gluod. 

In llie enorniuus exieiit of the Chinese empire there are two riven, 
that OH account of their length and majestic breadtli, are peculiarly 
entitled to notice. TIicec arc the Hoanho or Yellow River, and 
the Kian-lin. 

The soiirre.i of tlie first are two lakes, situated amonest the moun* 
tains of Tartary, known by the name of Kohonor. They lie about 
the 35° uf Dortli latitude, and 19° of longitude, to the westward of 
Pekio, being according to Arrowunitb'i map of Asia, about gf east 
from Oreenwich. Tfau prodigious river ii extremely winding, and 
deviates in ill course, pnnuiiig a north-east direction to about the 
42° of north latitude ; when, after running due east, it suddenly bends 
south (o a latitude Dcarly parallel to its source, and pursues an east- 
erly direclioD till it is lost io the Yellow Sea. Its comparative course 
may be estimated at about 1800 British miles, or, according to Lord 
Macartney's embassy, 3150. At about 70 miles from the sea, where 
it is crossed by the imperial canal, the breadth is little more Ihan a 
mile, and the depth <Hily about nine or ten feet ; but ibe velocity 
equals about seven or eight miles in the hour. 

The Kian-ku rises in the vicbity of the sources of the Hoanbo ; 
but according to the received acconots and maps, about 200 mUes 
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Ihrtber to the west, and winds nearly a^ far to the soull^as the Hoan* 
ho does to the north. After washing the walls of Nankin, it enters 
the «ea about iOO miles |o the south of the Hoanho. The Kian* 
ku is known by various names through its long progress; and near 
its source is called by the Eluts, Purticho, or Petchon : the course 
Js about equal to that of the Hoau-ho ; these two rivers being con- 
sidered as nearly or altogether the largest on the face of the globe* 
They certainly equal if they do not exceed the famous river of the 
Amazons m South America, and the majestic course uf the Ganges 
does not extend half the length. In the embassy of Lord Macartney* 
the length of the Kian*ku was estimated at about 2200 miles ; aud it 
is observed that these two great Ciiinese rivers, taking their source 
from the same mountains, and passing ahnost close to each other in 
a particular spot, afterwards separate from each other to the dis. 
tanceof 15^of latitude, or about 1030 British miles, and finally 
discharge themselves into the same sea, comprehending a tract of 
land of about 1000 miles in lengthy which they greatly contribute to 
iertilize. 

AFRICA. 

Of the rivers of Africa, the Nile is the most celebrated; it^is 
also called Ahanchi^ which, in the Abyssinian tongue^ signifies ** tlie 
father of rivers," and by the Afiricans Neel Shem, which means the 
Egyptian river. It divides Egypt into two parts. The extent of this 
river is supposed to be something more than two thousand miles from 
its source, amidst the mountains of the xMoon, in Upper Ethiopia^ to 
its disemboguing into the Mediterranean Sea, by seven channels, 
through which it has forced its way, two only of which are now na- 
vigable. The ancients were entirely ignorant of the source of this 
river, although many endeavours were used to explore it ; but its 
sources are now well known to lie in about the 12th degree of north 
latitude. It enters the lake of Dambia, in Abyssinia, crossing it 
one end with so violent a rapidity, that the waters of the Nile may 
be distinguished throughout their progress, which is six leagues. 
Here, according to Lobo, commences its magnificence ; and its ge* 
neral course we may venture to give in the picturesque but correct; 
description of Thomson. 
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Hm treuures thcM, hid from the boiiDded search 
or ancieDt knowledge ; whence, with annual pornj). 
Rich king uf floods ! o'erflows ihe swelling Nile, 
From Ills two springs, in Gojam's sunny realm 
Purf-welling out, he throiigU the lucid lake 
Of fair Dambea rnlli his infaul stream. 
There, by the Naiads nurs'd, he sports aivay 
His playful youth, amid the frxgnint isles. 
That with unfading verdure smile around. 
Ambilious, ibence the manly river brcalis; 
And gathering many a flood, and copious feci 
With all ihe mellow'd treasures of llie sky. 
Winds in progressive majesty along : 
Tlirough splendid kingdoms now Devolves his msze. 
Now wanders wild o'er solitary tracts 
Of life-deserted sand ; till, glad to quit 
The joyless desert, dowu the Nubian riicts 
From thund'ring steep to sleep, he pours bis urn. 
And Egypt joys beneath the ai>readiug wave. 

Lobo, from whom Thomson has copied his de^ription, infornra 
us in addition, that " Fifteen miles farther, io tiiE land of Alala, it 
rushesprecipilalelyrroui the toi)ofBhighrocl%, an^l forms one of the 
most beautiful water falls in the world. After iliis rslaract the Nile 
again collects its scattered stream among (be rocl>s, »liich seem to be 
di-joiuled io this place only to flfTord it u passaer. Tiicy are so near 
eachother, thatinmy lime,ra]rsbe, a bridge of beams, on whidt tJia 
whole Imperial nnny paucd, was laid over them. Sultan Segned has 
rincc buiU here a bridge of wie arcbi to eoutruct which lie pia- 
cured masons from India." 

Egypt i* generally divided into Lower, Middle, atul Upper, Tbe 
greatest part of Lower Egypt is contained in a triangular island, 
formed by the Mediterranean sea and the two greyt braaches of tbe 
Nile, which dividing itself five or six railes below Old Cairo, one 
.part.of it flows to the north-eut, and falls bto tbe sea at Oamietta, 
tbe ancient Pelusium : while the other branch runs toward the north- 
west, and falls into the sea at Rosetto : hence tl)is part of Egypt is 
called " the Delta," from the resemblance which it bears to the shape 
of the Greek letter of thi^ name, constitating a triangle. 



The water it thick and maddy, especiidly when tbe river it twelled 
hy the heavy raios wiiich conatatitly fall withia the tropict io the be* 
ginniug of our summer, and which are doobtless the principal cause 
of its annually overflowing the low lands of Eg^pt. The ancients, 
who were not much acquainted with the clhnales in these latitudes, 
were for the most part considerably perplexed when they endea* 
voured to account for this annual deluge* Lucretiusj however, has 
assigned its cause with his usual accuracy and ingenuity in the fol- 
lowing lines: Rer. Nat. vi. 1712. 

Nilus in tcstateni crescit, campisque rcduiidaf. 
Unions in terris, i^gypti totius amnis : 
Is rigat ^gyptuui medium per saepe calorenoi 
Aut, quia sunt testate aquilones ostia contra 
Anni tempore eo, qui Etesite esse feruntur; 
£t, contra fiuvium flantes^ remorantur ; et, uuda.« 
Cogentes sursus^ replent, coguntqiie nianere* 
Nam, dubio procul, hsec adveiso tlabra feruntur 
Flumine, quae gelidis ah sttUts axis aguntur: 
Ille ex asstifer^ parte venit amnit, ab austro 
Inter nigra viri^m percocto secla colore, 
Exoriens penitus roedi^ ab regione diei."— &c. 

The Nile now calls ut, pride of Egypt's plains: 
Sole stream on earth its boundaries that o'erflows 
Punctual, and scatters plenty. When the year 
Now glows with perfect summer, leaps its tide 
Proud o'er the champaign ; for the north-wind, oow^ 
Th' Etesian breeze, against its mouth direct 
Blows with perpetual winnow ; every surge 
Hence loiters slow, the total current swells. 
And wave o'er wave its loftiest bank surmounts. 
For that the iixt Monsoon that now prevails 
Flows from the cold stars of the northern pole, 
l^one e*er can doubt ; while rolls the Nile adverse 
Full firom the south, from realms of torrid heat. 
Haunts of the ETHiOF-tribes; yet far beyond 
First bubbling, dittantji a*er the burnuig line* 
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Tben oomb, twptj, by tb' imd«vioas bmn 
BInwD up the ciimanel, hemes wilb every wave 
Hnpi of high nod, and dmnu iu wonted count t 
Whence uarrowerj Icm, its exit to the main, 
And with ieu kia the lardy itream descend). 

Or, toirardi its fonnttin, «npler raitij,. perchtncCt 
Fall, aith'ETBsiAH bm, noir wide-unfurl'd, ' 
Plv the big clouds p«rpctual from ihe uotlli 
Full o'er llie red equator ; whert condens'il 
Pond'rous and low, against the Iiills tliev strike. 
And shed iheir treasures o'er the rising flood. 
Or, from tlic ETHiOP.niountaiiM, tlte bright sun 
Now full ■ mat ur'd, wilh deep- dissolving ray 
May melt tli' agglomerate snows, and down the plains 
Drive them, augmenting lience, th' incipient stream. 

Good. 

These ingenious conjectures of the cause of the periodical exun- 
dations of ihe Nile, ba« been in a considerable degree vciified by 
modern observiitioits : bul the poet is mistaken in conceiving Ibat the- 
Nile b the only river that periodically oveiflows lis banks : we have 
already noticed a similar phenomenon in the Ganges ; and it is tbe 
Hme with all the rivers which have eitJier their rise or course 
vitbin the tropics ; (hey anounlly break their bounds, and cover 
- the lands for many miles before they reach ihe sea. They likewise 
]eave a prolilic mud, which, like that of the Nile, fertilises the 
land; and, though (be ureters of Ibcse rivers are also very thick 
yet when they have 4ood for aome time, ttiey are neither unpalat- 
able nor unwholesome. The aoHh windi, moreover, which begin 
to blow about the tatter end of May, drive in the waters from tue 
tea, and keep back that of the river, in such a muner as to con- 
udetably assist tlie swell. 

Tbe Egyptians, and especially tbe Cophts, are pcrsunded that the 
Nile always beguu to rise on the same day of tbe year i and, in- 
deed, it generally commences on tlie 18th or ipih of June. From 
accounts of its rise for three years, Dr. Pococke observes, that 
be found it ascend the first five days from five to tea inches : 
and it thus cootioued nsing till it Iwd attained tbe height of sis 
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cubitSy when the canal of Cairo was cut : after thi^ it continued 
rising six weeks longer ; but then it only rose from three to five 
inches a day; for, spreading over the land, and euttriiig the canals, 
thongh more water may descend than before, yet its rise is less 
considerable ; as after the opening of that canal, the others are un- 
closed at fixed times, and those that water the lower grounds the 
last. These canals are carried along the hiiihest parts of the coun. 
try, that the water may hence be conveyed to (he vallies. 

The Nile has one character of great peculiarity. Other rivers 
being supplied by rivulets, the ground is lowest near the banks : but 
as no water flows into the Nile in its pa&^^age through Egypt, and 
as it is necessary that this river should overflow the land, the country 
is generally lower at a distance from the Nile than near it; and in 
most parts of the land seems to have a gradual descent from tha 
Nile to the foot of the hills, which may be said to begin at those 
sandy parts already mentioned, as being a mile or two distant from 
them, which, rising toward the mountains ina gentle ascent, are 
never overflowed. 

Tlie cataracts of the Nile will be described in a subsequent 
section. 

The Senegal islbe next most remarkable river in Africa ; called 
by Ptolemy The Daradus. D'Anville, who follows that ancient 
geographer, supposes it to take its rise among the mountains af Ca» 
phas, lying about 1 4^ north latitude, and nearly on the mendian 
of Greenwich. It takes a western course, tending somewhat 
to the northward, through sixteen degrees of longitude, and, iu- 
«:luding its bendings, must extend more than eleven hundred miles. 
It has this very disthiguishiug peculiarity, that when arrived within 
fiAeen Allies of the sea, it wnids suddenly round to the south, and 
proceeds in that direction through more than seventy miiesj when it 
discharges its waters into the sea, forming at its mouth the little 
island of St. Louis, iu latitude i6* 10' north. This river is said 
|0 be navigable for near three hundred leagues up the country; 
but the dangers to which Europeans are exposed by the ferocity of 
the natives who inhabit its banks, deter from all endeavours to ex- 
plore it, such attempts having proved fatal to most of those who 
have ever embarked in it. 

Some geographers have supposed the Senegal to be a continuatioB 
YOL. m* c 
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of the Nip BR; but such an opinion is now generally held to be er* 
roneous ; it being believed that tlie Niger discbarges its rapid stream 
into a lake not more than sixty miles distant from another lake of 
great depth called Maberia, mrhence issues one of the sources of 
the Senegal ; but these two lakes are intersected by a ridge of loAy 
mountains. The Niger is said by d*Ajiviile, likewise^ to bear the 
names .of the Guin, or lea. That geographer chiefly follows Pto- 
lemy in his description of thb. river* He hiys it down in his map as 
spnoging from two lakes about two bundled and fifty miles distant 
from each other i the one be calls Sstnegoudp the other Rtgtbib ; 
hephioes the most southern in 13^ Bortb latitude, wbik the other, 
which is the most eastern, lies about the twentieth degree of east 
jongitude from Greenwieh. The winding coune of this wide 
and land^gkt river, tends to the westwards and. is supposed to 
terminate in another lakoy called by Ptolemy Morw, and which 
d'Anville lays down in 15^ north ktitMe, mMi a"* west longitude from 
Greenwich. * 

Tlie GXmbia is likewise a river of very exteiuivie course, wide, 
-and rapid, to tbe south of Uie. Senegal, aad^ m its progress from its 
source to its disemboguing, proceeds in a direction very similar to 
the latter. It discharges itaalf iaio the AHautic in 13^ north la. 
titude. 

In addition to what bus been KONurked by Ptolemy, d' nville, 
and other writers, may be sulijoiBed, tiie followmg more recent in- 
formation contained in the evidence given by Mr. Barnes to the lords 
of the committee of council, as laid before the house of commons 
in the year 1792. 

*' The river Senegal,** says be, *' is supposed to take its rise from 
tbe western declivity of the mountains of Govina. The river 
Niger takes its rise from the eastern declivity of these moun- 
tains," according to d*Anville. The Africans navigate both these 
rivers, and in places where there are cataracts, carry their goods 
upon asses. The French trade in small vessels to fort St. Joseph, 
which is near three hundred and sixty leagues up tbe river Senegal, 
and go sometimes as far as the first cataract, which » about twenty 
leagues farther, where they purchase slaves, who are supposed to 
be brought from placel two hundred or three hundred leagues higher 
up the country." St^ Joseph lie» in about 10^ 1^ west longitude 
from Greenwich. 
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Tills great river is extremely rapid at its mouth» whicb is attributed 
to so large a body of water beiug confined within so narrow a cbao. 
nel, the mouth of the river being only half a league over, and choaked 
up by a bar» which renders the passage exceedingly dilHcult and dan- 
gerous, especially in the rainy season, when the prodigious swell of 
tiie river, and the south-west winds, opposed to its rapid course* raise 
waves of so prodigious a height at the bar, that their clashing re. 
seinbles the shock of mountains, and are said to be so furious as to 
dash ID pieces the stoutest ships : yet, accordiug to Labat, the worst 
. season, with respect to commerce, b in September and November, 
when the winds blowing Dortheriy, exclude all navigation, even of 
the smallest boats. 

This bar is doubly dangerous, not only on account of tb« violence 
of the waves, but of the shallowness of the water, and the shifting of 
the bar after floods and heavy rains, by whicb the channels are lost, 
and new soundings become necessary to discover them. The Senegal 
would indeed be quite shut up were it not for one channel, four 
hundred yards broad, and two fathoms deep, that has long kept 
it» present direction. The most proper time for crossing the bar is 
from March to September, when the winds are variable, and the bar 
continues fixed till the ensuing rainy season. 

When the bar is crossed, a smooth and gently-gliding river is en- 
tered, which is four fathoms deep. 

These rivers have likewise their inundations, which overspread the 
whole flat country of Nigritia. They begin and cease much about the 
fame time as the Nile overflows, but no such salutary eflfects are ex« 
perienced here as in Egypt ; for, instead of health and plenty, dis* 
eases, famine, and death, follow in their train. The soil thrown up 
by the Senegal, becomes unavailing to any agricultural purposes, 
from the indolence of the savage wanderers who occupy its banks, 
and the country lying untitled, from its luxuriance produces great 
abundance of rank and noxious herbage, and furnishes a convenient, 
repository for veuomous insects and reptiles, as well as for beasts of 
prey. When the waters of these rivers retire into their channels 
the humidity and heat which prevail spread a pestilential taint, whilst 
the carcases of vast numbers of animals, which the inundation had 
swept away^ become putrid, and spread around a loathsome and 
baneful stench. Even the vegetation itself is charged with dcstruc- 
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tbn ; for among the plants which grow on the banks of the Senegal, 
some diffuse a scent so powerfiil as to be insupportable to the ner?w 
of smell. 

Turning from these scenes of desoUition and horror, let us survej 
the grand and beneficial assemblage of rivers which are dispersed 
over tha countries of 

EUROPE. 



The WoLO A» or Volga, is the river most extensive in its course 
of any which rises m Europe, being above two thousand miles iii 
length ; the whole of which it passes thnmgh the Russian territories, 
when it enters Asm about 4B^ S(/ north latitude, discharging its 
waters into the Caspian sea, by various channels^ below Astracan^ 
and at the same time producing many ishiuds. 

D*Anvt11e, who lays down the sources tif this great river with his 
wonted precision, makes the chief of them ta issue from lake Ilmen 
in the government of Novogorod, about 58^ north latitude ; while 
the next most considerable he derives from a much snmller lake, ta 
the south-east, in the government of Twer. These two streams, the 
latter -of v^hich, by more modem geographers, has been called the 
river Tuerno^ unite at the town of Twer> near which the Wolga first 
becomes navigable. On this subject Mr. Coxe speaks as follows i 
The vast forest of Volkoiiski, which extends on the side of Smo* 
lensko one hundred and fifty miles, almost to the gates of Moscow^ 
gives rise to the principal rivers of European Rusisia, such as the 
Duna, the Nieper^ and the Volga; the sources of the two latter 
rise at small distances from each other, dot far from Viasma. 

The banks of the Volga are generally fertile ; and though not 
sufficiently cultivated, on account of the frequent incursions of the 
Tartars, }et the soil naturally product all kinds of esculent plants 
and in particular asparagus of a very extraordinary size and goodness. 
It is observable I hat most of the oaks in Russia grow in the coun« 
tries watered by this river. The Volga is navigable for large ships ; 
and toward the end of the spring is so swelled by the melting of the 
ice and snow as to cause great inundations, particularly in the 
months of May ami June. The masters of the vessels which sail 
down the Volga to Astracan, carefully observe this season, as they 
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fiave now not only the opportunity Of a safe passage over the shal- 
lows, but also over several flat islauds, which lie at a cousiderable 
depth uuder water. The Volga receives several tributary streams, 
especially the Occa aud Cama, and abounds with I bat species of 
whale called beluga, from ten to eighteen feet in length* 

The Don, the Tana is of the ancients, is called Tuna or Duna by 
Ihe Tartars, and has its source not far from Tula in the Iwano Os« 
sero, or St. John's Lake. It first runs from north to south, and after 
its conflux with the Sosna, directs iU course from west to east, and 
in several large windings again runs from north to south, but at 
length, dividing into three channels, falls into the sea of Asoph. The 
waters of the Don are thick and chalky, consequently not a very 
pleasant drink. This river b very shallow in summer, when it is 
also full of sand-banks; it, however, aflfords plenty of large and 
small fishes* In its course it approaches so near the Volga, that in 
one place (latitude 49^), the distance between them is but one hun- 
dred and forty wersts, or about eighty Bnglish miles, which led 
Peter the Great to form a design of joining these two rivers by 
means of a canal, and some progress was made in the work, but he 
did not live to complete it| and his successors have not thought fit 
to resume the project. 

The DwiNA is a very large river: the name signifies double^ it 
being formed by the conflux of the Sukona and the Yug. This river 
divides itself into two branches or channeb near Archangel, !)vhence 
it runs into the White Sea. 

The NlEPER, the ancient Borysthenes, rises from a morass in the 
forest of Volcouski, about one hmidred and twenty miles from Smo- 
lensko, aod makes several windings through Lithuauia, Little Russia, 
the country of the Zaporo Cossacks, and a tract inhabited by the 
Nagaian Tartars; and after forming a niarnhy lake of sixty wersts in 
length, and in many places two, four, or even ten in breadth^ dis. 
charges itself into the Black Sea. The banks of this river are oo 
both sides generally high, and the soil excellent ; but in summer the 
water is not very wholesome. The Nieper has no less than thirteen 
water-falls within the space of sixty wersts ; yet in spring, during 
the land-floods, empty vessels may be hauled oyer them. It abounds 
in sturgeon, sterled, carp, pike, karaush, &c« There is but one 
bridge over this river^ and that is a floatmg one at Kiow, one thou* 
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taai lis Imndred «wl thirty-eight pMW in If Dgtb. This bridge » 
taken away abeut Ibe end of September, to give the flakes of ice a 
free pauage down the river, and ia sfaia pnt together in the spring. 
Iliere arc to be Men on thb river a great Dumber of mills erected 
ID boats. 

In describing the riven belonging to the vast empire of Russia, 
the NiTA must not be omitted. It iasues out of the lake of Ia- 
inpi, aii<) ill its short rourse is broutt, rapiil, and nHvi|;able; upon 
iltands fanned by ihe different braiictiea of this river, a con<-iderable 
part uf the ciry of St. Petersburgb, biiill by Piter the Great, is 
erected. Its whole course is no more Ihun forty Bii^li'^h niHes, and 
It discharges itself into tlie gulf of Finland. The Neva is about 
dght hunttred paces broad near St, Pelersbiirgh ; but has not every 
where an ei^uiil depth of water, so that Urge merchant ships are 
cleared ut Crunstadt, and the men of war built at Si. Pctersburgh 
are also conveyed tiiither by means of certain macliiues called 
camels. Beside the Neva, the riven Fontanca and Biloica contribute 
to form the islands on which Ih^ new metropolis stands, which is 
also watered by several canals ; for in Uiis rcs]>ect the emperor took 
his model from Amsterdam. There is but one briilge over ibe 
Neva, which is constructed witli large flat-bottomed boats, and 
joins Ihe dock-yard to Bisili Ostrow, or Basil's Island. These are 
laid across tbCifver in the sprmg, ao as to form a safe and conve- 
nient passage ; bot they are alway* removed in the autumn, before 
the frost begins. The only commmiication between the otherislanda 
is eiHier by boats «r barks, mhfiA cross the water at stated tiroes; 
but bridges ire built over the Moka and Fontanca, and likewise over 
ihe canab. SI. Petenfeurgfa is much exposed to inundations : in 
Septe(Dber 1777, one rose to a very great height, and did prodigious 
i^ury, e^wcially lo the property of Ihe merchants. 

The DanCbb, Ihe aocient later, is the next considerable river in 
Europe, in which quarter it rises and terminates. Its whole course 
is near fourteen bundled mileB. Its source is in Swabia, within A 
few miles of the border* of Swisserlaod, latitude 48' N. longitude 
9ft E. whence the Rhine issues ; the direction of the Danube is east- 
ward, that of the Rhine north.westwartl. The former intersects 
. Bavaria, Aiutrla, Hungary, and at Vau, a town in the latter king* 
tlow, tuna sonthwinl. It divides the bannal of Tehiesvar from 
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Senrii, end WaUai;bia from Bulgaria^ discharging itself into the 
Euxine or Black Sea> by several chaDneUy about 45o north latitude 
aod 2p^ east longitude, with such violence, that its waters are dis- 
tinguishable for several milert from those of the sea into which they 
are precipitated. It is said to receive sixty navigable rivers in its 
coarse, and an equal number of smaller streams. From Buda, in 
the centre of Hungary, to Belgrade, on the northern confine of Ser« 
via, it is so deep, as welt as broad, that in the wars between the 
Christians and the TurHs, each power has had fleets upon it, and 
frequent naval engagements have taken place ; farther down it is 
rendered uunavigable by its many cataracts, so that all commerce 
with the Black Sea by means of this great river is rendered imprac- 
ticable. 

Of all the parts of Europe, Swisserland is the country in which 

the greatest number of rivers take their rise. The prmcipal are the 

Rhine, a name given by the Swiss to streams and rivers in general : 

its sources are in the country ot the Grisons, and are divided into the 

Anterior, the Middle, and Hinter, or Hinder. The Anterior or 

Upper Rhine issues from a small lake on a mountain commonly 

called the Oberalp, and by some Cima de Baduz. The source of 

the Middle Rhine lies in Luckmanier, a part of the Adula chain, and, 

after a course of about eighteen miles, joins the Anterior Rhine. 

The* Hinder Rhine rises about nine miles distance, in a mountain 

called by the Italians Monte del Uccelo^ or Bird's-hill. The Rhine 

is first formed by a water which issues out of two rocks of ice on the 

Furka chaiuy and precipitates itself with a thunderiug noise between 

two rocks of an astonishing height, which receivmg several rivulets 

in its course, runs into the lake of Geneva, and re-issuing from it, 

traverses the vicinity of that city, and after watering a small part 

of Savoy, enters France. The Russ or Reufs is an adjoining river 

which issues from the Lake Luzendra, on the mount St. Gotthard, 

and having joined two rivulets, precipitates itself through a deep and 

narrow valley down several rocks; but at length becomes more 

gentle, and then falls into the lake at the Four Forest Towns ; but at 

Lucerne again makes its appearance under its former name, and soon 

aAer receives the Lesser £mmat, or Enimen, which rises in the 

mountains, and at last discharges itself into the Aar, Aren. This last 

river, which proceeds from the mountain of Grimsel, at length falls 
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into the Rlitoe« The Tesio, io Italian Tesinoy rises partly from two 
lakes on the mount St. Gotthard» and partly Arom several other lakes 
on the mountains, and after passing through the valley of Levis, 
and the Lago Maggiore, enters the dutrhy of Milan, and at length 
loses itself in the Po. The Rhone, another river which rises in 
Swisserland, will be spoken of hereafter. 

Not far from the rise of the Rhine, at a small distance from the 
lake Constance, a very siiiguhir bridge is thrown over that river at 
Schaffhauseo» which is much admired for the beauty and singularity 
of lis architecture, and was built about the middle of last century. 
The rapidity of the river bad carried away several stone bridges, 
built upon arches of the strongest construction ; at length a com* 
mon carpenter, named Ulric Grubenham, undertook to throw a 
wooden one, of a single arch, across the river, although it is more 
than three hundred feet wide. The magistrates, however, insisted 
that it should consist of two fucfaes, and that he should make use, 
for that purpose, of the middle pitr of the old - bridge, which re- 
mained entire. Theaidutect obeyed, but he constructed his bridge 
in such a manner that it u not at all wpported by the middle pier; 
and it would have been' equally safe, and considerably more beauti. 
ful, had it consisted solely of one arch. The sides and top of this 
bridge are covered, and the road over it is nearly level. It is what 
the Germans call a hingewerk, or hanging bridge ; the road not 
being carried over the top of the arch, but along the middle of it, 
and there suspended. The middle pier b not quite in a right line 
with the side piers, which rest on each shore, but forms with them 
a very obtuse angle,^ pointing down the stream. The dbtance of 
the middle pier from the shore oeit the town is one hundred and 
seventy one feet, and from the other skle one hundred and snty- 
four, hiaking m appearance two arches of a surprising width, and 
forming a most beautiful perspective when viewed at some distance. 
A man of the slightest weight, when walking upon it, feels it tremble 
under him, yet waggons heavily laden pass over it without danger, 
and although in the latter case the bridge seems almost to crack 
with the pressure, it does not appear to have suftred the least da^ 
mage. What seems almost incredible^ b, that the architect was to* 
tally ignorant of mathematics, and knew nothing of the theory of 
mechanics, so that thb wonderful undertaking was accompliabed 
merely by the force of natural abiUties, 
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The Rbme nmswestwird toBanI, vid then proceeds in a direc- 
tion due north, along the eastern border of Alsace, till it receives 
the Maine, a little below Frankfort, tlien proceeding north-west, 
ward, it enters the Netherlands. Its whole course cannot be 
less than seven hundred miles; the cities of Mentz, Coblentz, Co- 
logne, Dusseldorf, Wesel, and Cleves, are situated on its banks. 
The circles of the Upper and Lower Rhine are intersected by it* 
In its course along Alsace, it frequently causes terrible devastations. 
Dot only ill winter, but in the midst of summer, when the snow 
melts on the Alps, Its inimdation« then ruin the tields, by covering 
them with sand. The violent torrents of the Rhine, which gene- 
rally happen every year, frequently alter the situation of the islands 
within it. One singularity of this river is, that in its sand are found 
particles of goid, which the torrents in their fall wash from the Alps, 
and bring into it ; hence it is only below Basil that the sand contains 
this precious mixture, which in autumn and winter, when the river is 
at the lowest, is drawn out with the sand, from which, after passing 
through several waters, the gold is extracted. The particles of thb 
metal are seldom so large as a grain of millet ; the gold is indeed 
very ^e and beautiful ; but is so scarce^ that th6 city of Strasburg, 
which has the privilege of gathering gold for the length of four 
thousand paces, scarce collects five ounces in a year. The Rhuie 
also contains many crystals and particularly pebbles, that receive a 
beautifiil polish, and are nmch used in France under the name of 
Rhine pebbles. 

At Utrecht it divides itself into two branches, which are called 
the Old and New Rhine, both of which traverse the city through 
its whole length ; one of these branches loses itself in the sands be- 
low Leyden, the other takes the name of the Lech, and falls into the 
Mayne. Thus does this grand and important river, after so long 
and useful a course, terminate obscurely, without pouring its aggre- 
gated waters into the common receptacle, the ocean ! 

The Rhone or Rhodian, rises in the Glacier of Furca, near 
the province of Uri, in Swisserland, but in tiie north eastern bor- 
der of the Valais. At first it precipitates itself with great noise 
among several rocks, and down to the very plain in the valley has 
the appearance of a single cataract, with sevenU cascades. It is 
afWrwards joined by the Meyenwang stream, which issues from th^ 
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Orimri BOMDMirK aad tbea diweta ki coutie front «ul to west, 
till, aArn wiodiag northwanl, it ducfaaigea itself with great inipe- 
ttxMtiy into tfac take of-Geneva : all ibe itnains and kwer rivers of 
tba Valai* iuning frdm Ifac raountaini mingle williil. 

The watan of tbe Rhone nuh into the laiie witb locb rapidity, 
that for the diattDce of half a league, the; continue unmixed with 
those of ihe lake, tlie one b>:iii<; v«ry luul, Hnil the other very clear ; 
but afterwards, saya Key^ier, there is do visible distinclioii, lliimgh 
some of the ancient, and »uine modern writers, Bitiriii tlie coDtrarjr. 
At its etfliix from Ihe Inke it fomis an island, on which, together with 
the banks on both sides, tbe city of Geneva is built, beini: divided 
into three unequal parts, which have a comuiunicalii/n by four 
bridges. Onward it forma 'he boundary hetweea France aitd Savuy. 
It theti takes a westward direction, and dividing the late province of 
Burguudj from that of Daupliiiiy, it flows lo Lyoo«, from tvhicli city 
it proceeds ilue southward, forming the eastern boundary of Laiigue- 
doc, and at tbe city of Avignon begins to divide it from Provence. It 
diKbarges its waters into the Mediterranean by several mouths, a 
little below Aries. On the banLs of ibc Rhone, between Valine* 
and St. Valiere, a peculiar kind of grape b cultivated, from which 
an agreeable, but rrjughi«b, red wine is procured, which bears the 
uaiaeof heimituge, and is cou^idereil as very wholesome, a^ well as 
escclleni in point of tuts. 

Tbe Vistula, or Weiskl, in Polish tbe Wiala, rises among the 
CarpathJan mountaiioi, on tbe confinn of Silesia and Upper Hun- 
guy ; iu icoane is is a aocth^weat direction through Little Poland, 
a part of Masovia, of Great PolancL and of Prussia, and falls by 
three mouths into the Baltic, below Oantsic. Warsaw, tbe capital 
dly of Poland, and Thom, once a place of considerable trade, are 
situated on its bai^. Great quantities of grain and timber, the 
' growth of Poland, are sent down this river to Dantzic, and there 
exported to foreign countries ; but ibif trade has been greatly 
checked of late by Ihe heavy duties inqKued upon it. 

Tbe Elbe rites in Ihe Gianto' Mouutain, in tbe principality of' 
Jauer, in Silesia, not &a from tbe Source of the Vistula. In Saxony 
it divides the capital city Dresden into wliat is called tbe Old and ' 
New Town, which are united by a itone bridge, six hundred and 
eighty-five paces long, and scvcuteen broad, coutaiuing eighteen 
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arclMt, Mei8Mii> ten miles north-west of Dfesden, is likewise sito. 
ated on this river» over which is a bridge, supported by stone piers, 
bat the upper part is of wood : this bridge is considered as a master* 
piece of art, the middle arch, which b seventy-five paces wide, being 
kept together by a single wooden peg. The Elbe bounds the Old 
Mark of Brandenburg toward the east, and there receives the Havel* 
It is the principal river in Lower Saxony. At Hamburg it becomes 
extremely broad, and has sufficient depth for large ships : it dis» 
charges its waters mto the German Ocean, by the fortress of Gluk- 
stadt. Few kinds of fishes are found in this river* 

The principal rivers of Francs which have their sources in that 
kingdom are the Loire, the Garonne^ and the Seine; these all dis. 
charge their waters into the Atlantic. The Loire is a larger river 
than the Rhone. It rises in the moontains of Cevennes, in Lan* 
gnedoc (now distributed into 6ve deportments) ; it takes its course 
north and north-west, till it passes the city of Orleans, in the Or^ 
leanois (now the department of the Loire) ; it afterward pursues a 
course south-west and west, by Tours and Angers, and discharges 
itself into the Bay of Biscay^ forty miles below Nantes ; its whole 
course^ with all its windings, b computed to be five hundred miles, 
receiving in its progress the Allier^ Cher, Indre, Creose, Vienne^ and 
Maine. It has a communication with the Seine by means of the 
canals of Briate and Orleans, In November 1790, it overflowed its 
banks, and laid a large extent of country under water. 

The Garonne rises at the foot of the Pyrenees, in the county of 
Cominges ; it becomes navigable at Muret, on the confines of Lan« 
guedoc; in its course it is joined by many rivers; it passes Toulouse 
and Bourdeaux, below which it receives the Dordogne, a river nearly 
equal to it in consequence ; these united streams then take the name 
of the Gironde, become very broad, and disembogue into the bay 
of Biscay. By means of this river, and a noble canal, a junction hat 
been formed between the Mediterranean Sea and the Atlantic 
Ocean. This canal is a work of such grandeur and utility that we 
' cannot consent to pass it by without a more detailed description. 

The Royal Canal, formed in order to make a communication 
between the Atlantic Ocean and the gulf of Lyons^ in the Mediter* 
ranean, of such extent, that vessels might pass from one sea into the 
other without going round by Spain, is in truth one of the noblest 



38 SFKlMSf/BlTBBB, CAMALS, LAKES, 

works l^t any eoutitrj hu em produced. Under Louii XIV. 
Paul Riquet, ot Besieref, after en^loyiog twenty yean m a niiaule 
cooiidenlioa of every particular relubg to it, during which be had 
no other eouoiellor than hii gaidener, completed bit plao. Tbe 
fint slODe wBi laid in Ibe year 1667, ud the canal wu opened io 
168I, bHtilwu Dot completed unlil many yean after. 

It bcpo* in tbe harbour of Cctle, on the Meditemnean, and tra. 
WMi tbe lake of TbiD, and a quartet of a mile below TouIoum ii 
conrcyed by three sluices into Ihe Garniine. ll is «v«ry wher* 
six feet ilee\); so tliat a cargo of eighteen huudred quinliih may be 
forwarded to any place upou il, and ils breadlh, from one bank (o 
Ihe other, h a hundred and forty-four feet. 

At St. Ferreol, a qu^irler of a mile below Revel, betueeii two 
focky hilis, that are in the form of a hulf-aioon, is u large reservoir, 
twelve hundred fatlioms iu length, live hundred in breadth, and 
twenty deep, tbe whole surface being siit hundred and eigiily-»even 
thousand four hundred and thirty-eight feet. Into this bason of 
water Ihe rivulet of Laudot, which runs down the hill«, is received, 
and inclosed by a wall Iwo thousand four hundred feet long, a hun- 
dred and thiny.Iwo in height, aud twenty-four feel thick, having-a 
strong daiu, defended by a strong wall of free slone. Under the 
dam runs an arched passage reaching to the main wail, uliere three 
large covks, of east brass, are lumcd and shut liy means ol iruii bars; 
and theM cocki ditchttrge tbe water, through mouthi as large a* a 
UMn*! body, into an anhed aqoedud, where it ruut through tbe 
outer wall, beyond which it goei luider the name of the river Lau- 
dot; coDtinnn^ ila coune to tbe canal called Rigole de la Flaiue. 
Tbeooe it ii conveyed to another fine reiervair, near Naurouse, two 
bnndred falhonH in length, a hundred and fifty in breadth, with the 
depth of aeven feet : and out of tbb baton i« conveyed, by means 
of iluicei, both to tlie Meditenauean Sea and to the ocean, accord- 
ing a> tbe canal require* it. Though the above cocki remain open 
for aonie monthi tuccessivelyi yet there is no viiibie diminution of 
the water u the great reaervoir. Near Beiieres are eight sluices, 
which form a regular and grand cascade, nine hundred and Ibirly- 
iix feet long, and siaty-iix high, by means of which vessels n^iy 
pass acroii ibt river Orb, and continue their voyage on tbe canal. 
Above it, between Beneres and Oapestan, is the HaLPas, where tbe 
canal ii conveyed for ibe langtb of a hniidred and twenty fatbomsi- 



niKicr a mouDtaio cut into a very lofty aretde, the greatest part of 
whioli is lined with free^stoiie, except toward the eody where it Is 
only hifwn through the rock, M^hich is of a soft calcareous sub- 
stance. At Agde is a round sluice, m\h three openings, three dif- 
ferent depths of the water meeting at this place ; and the gates are 
so ingeniously contrived, that vessels may pass through hy opening 
which ever sluice the master pleases; an invention that struck the 
great Vauban himself with admiration. The lesser rivers and streatns, 
that might have prejudiced the canal, have heen carried under it by 
water-courses, forty- four in number, beside eight bridges. 

This canal cost thirteen millions of livres (something more than 
half a million sterling), part of which money was furnished by the 
king, and part by the states of Languedoc. The king generously 
granted to Riquet, the projector and conductor, and his male heirs, 
all the jurisdiction and revenues belonging to it; so that the crown 
was not to come into possession till the extinction of his family. 
Ships passing on it, for every hundred ^eight paid twenty sous (iOc/. 
English), and even the king himself paid the same toll for military 
stores, &c. sent by way of this canal ; so that the revenue, especially 
in time pf a brisk trade, was very considerable. However, the 
charges attending it are also very great ; for the salaries of the se- 
veral directors, receivers, comptrollers, lieutenants, clerks, and 
watchmen, annually amount to one hundred thousand livres (4000/. 
sterling), beside an enormous great expence in repairs* The Counts 
of Cararoan, descendants of Riquet, were also obliged to keep 
passage-boats, which are drawn by mules or hotses ; these go and 
return at stated times. According to Mr. Swinburne, 960 boats 
navigate this canal, each of which perform annually six voyages* 
The conveyance of goods is paid for by the league, passengers pay 
by the day. The proprietors of the works receive a thousand 
livres (43/. I5s. sterling) each voyage. The whole annual income, 
the same writer states to be 2,l60,000 livres (94,500/. sterling)^ 
die current expences and costs of repairs are supposed to amount, 
one year with another, to 1,610,000 livres (70,437/. 10#. sterling) 
per annum, and the net profits to 550,000 livres (24,062/. lOs. ster- 
ling). The length of this caual from Toulouse to Bezieres, where 
it joius the river Orb, is 125,435 French toises, equal to one hundred 
and fifty-two Engluh miles. " The system of inland navigation,'* 
observes the same writer, '' has been so much improved of late 
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^cHi^ tbM 1 aak* DOiabbt tint tUi «Mud wmU be ibOTtcfMd mmr 
l«igM% wcK It to ba underiakM «fc>d>. It ii full of Bogl«9 and 
tattu tb>t do aot a[>pear neceamry ; ind ob th« contrary, in one or 
two friacM bu beco driven itraight at aD.enomious espence, ihrough 
BunbeHess obalacka, wUcd a ahott u»«p would have conveyed the 
waten, with greater catti and len nprace, to the place of tlieir dec 
tinatioa. There are fifteoi locka apon it in the hii toward the 
oceaa, and fbit j.fivr on the aide of the Ueditenwan. The highest 
point between the two aeaa ia at Nmimige, which ia elevated one 
fanndred toiaea (more than tvo hmtdrwl juit) above the level of 

.- «»cli ahora. ' Hw canal ia catiicd Aver thirtj'acven aquaducU, and 

' croaaed bjr eight bridgea." 

The Seiiir riaea near Dgoa, it Bvignody (now the departmeiit of 
Cote d'Ore) ; It pioccMla in a nwth-weatem couim. On Ihb river 
Paiis is siiuultd. It consists of three purls, independently of its 
twelve suburbs, Datncly, the town, which lies ou the north of the 
Seine,, the city, which is environed by that river, and the university, 
which IJrs to the south of it. The tily comprises three islands, 
formed by the Seine, which are, I'lsle du Palais, I'hle de St. hoxi'a, 
andl'hle Louviers: the Inst is small, and contains only storehouses 
for wood. The isle till Palais eummuiiicates with other parts of the 
city by means of aeveii stone bridges, the ptiticipal of wiiicli is (he 
Pont Neuf, or New Bridge, the finc>it bridge in Paris. Il consist!) 
of twetvt arclies, and ia sevcnljlwo feet broad, rerkoiiing ttie pa. 
lapeta. The middle, or carriage.way, iathirty feel broad, and on 
each aide Is a raised footway. 

Over the piles on either aide are alao semicircular lodgmenla, in 
which are an hundred and aeventj^eight amall ahopa, formerly be- 
longing to the king's footmen, whidi, like thoae fornieily disfiguring 
London-bridge, oulyaerve toobatniet a most bcsgtiful prospect. In 
the centre of tlie bridge atood race a fine equeatrisn atatne of Henry 
IV. in hnas, larger Ma life, and atanding on a marble pedestal, on 
the aide* of whicb were bauo relievoa, vitfa inscriptiona, representing 
tbe victoriea and principal acttona of thai hero. At tbe four comets 
were tied four alavn, alao of brass, who Iramj^ upon antique anna. 
Thia atately monument was inclosed within iron raila. Another oma. 
■wnt of the Pont Neuf ia the Sanuritauie, a building three stories 
high, in which ia an engine that supplies some puts of the city with 
water. It was thus named from ib coDtainiog in the front a groupe 



of figures Tepresenting tlu: story of Cbrbt aad the Suparitan womaD. 
Tbete statues were taken down by order of the National Coiiventioo. 

Another bridge, called the Pont au Change, had also a statue 
of Louis XIV. in brass ; and both this and the bridge of Notre 
Dame, on which are also water-works, have each two rows of 
houses upon tbeni ; tiiose of the hrst being four, and of the last two 
stories high. 

The Seine, passing through Normandy (now divided into five de. 
partments), visits Rouen^ and falls hito the British Channel near 
Havre de Grace. 

The great and small rivers in Spain are said to amount to au 
hundred and fifty; the principal of these are the Minho, which rises 
in Galicia ; the Douro, which has its source hi Old Castile, in a 
part of the mountains of Idubeda ; the Tagus, rising in a mountain 
in New Castile, which it passes through, the city of Toledo being 
situated on its banks, and the river encompassing it in the form of a 
horse-shoe. It bouuds the Portuguese province of Beira to the 
south, passes through that of Estramadura, and discharges itself into 
the Atlantic. Lisbon, the capital of Portugal, is situated near its , 
mouth. All the great rivers of Portugal have their sources ui 
Spain. Thus the Guadiana also issues from New Castile, deriving 
its source from some lakes, at a small distance from which it takes 
its course between high mountains, in which it conceals itself for 
near three miles, and then re-appears in a fenny soil, but soon hides 
itself again amidst reeds and rocks, which probably gave occasion 
to the mistaken idea of its losing itself under. ground. This river 
separates the Spanish province of Andalusia from Portuguese Al- 
garva. The Guadalquivcr, or Great River, by the ancients called 
Bsetis, and Tartessus, begins its course in Andalusia, where several 
small streams issuing from Mount Segura unite in a lake, firom which 
this river flows. From Corduba to Seville, it is passable only by 
small craft ; but from the last city to its mouth, it is uavigabje by 
ships of burden, though dangerous on account of its many sand- 
banks. The Ebro rises in the mountains of Santillane, in Old Cas- 
tile, from two springs, and receives upward of thirty brooks in its 
course, becoming navigable near Tude^a ; its navigation, however, 
is dangerous, on account of its many rocks ; at length it discharges 
itself with great rapidity into the Mediterranean, ^ud its mouth forms 
the little island of Alfacs, 



All these rireri tbouod in &sbes ; and the three principal, dfe 
Douro, the Tagus, and the Ouadiana, divide the kiogdom of Spain 
into thrfe parts. 

In the province of Andalusia is the river Tinto, or Azeche, the 
water of which cannot be drunk ; it is accused, indeed, of being 
noxious even to herbs and the roots of trees> and Las no kind of fish, 
or any living creature, to mhabit its wa^rs. 

To close the survey of rivers on the European continent, some of 
those in Italy must necessarily -be spoken of; in which country the 
Apennine mountains take their rise near the Alps, on the sea.coast, 
in the territories of Genoa, and dividing Italy into almost two equal 
part% reach to the straits that separate it ftom Sicily» and give rise 
to an incredflile variety of rivers that water thb delightful country. 
The largest and most renaritable of the rivers of Italy are the 
following. 

The Po, which nses in mount Viso» in Piedmont, one of the 
highest of all the Alps, and afteir leceivbg upward of thirty small 
rivers, discharges itself into the Adriatic, by seven different mouths. 
It passes through Montferrat, the Mflanest and Manlua, laves the 
borders of the Parmesan, and a part ofs]Uie Modenese. It often over- 
flows its banksi causing greal devastation. The Adige, in I^itin 
"Aiheiis, has its source in the Rhsstian AJps^ and waters the cities of 
Trent and Verona; it being the only large river m Lombardy, and 
instead of joiuiog the Po, runs, l&e that river into the Adriatic. 
The Amo flowing from the Appennine mounbins, and falling into 
the Tuscan sea near Pisa. The Tiber, which rises out of the Apen> 
nine mountains, and at a sosall distance from Rome, empties itself 
into that part of the Mediterranean called the Tuscan sea. It is 
known in Italy by the name of Tivere. Its waters are generally so 
thick and muddy at Rome» that even horses are not watered in its 
stream ; but after standing two or three days, it works itself clear, 
and becomes fit for drinking. The bed of the river bein^ raised bv 
the ruins of many houses which have fallen into it, and its mouth 
much choaked up, it frequently overflows its banks, more espi^cialljr 
when a strong south wind blows. 

The principal rivers of England are the Thames, the Severn, the 
Trent, and the Humber. 

The Thambs, if considered with respect to its course and aavi^ 



gation, is not to be eqvaibd by toy ri^r ib the faHMm wotld. It 
rises from a small spring a little to the south-west of Cirencester, in 
, Gloucestershire ; and, taking its course eastward, becomes navigable 
at Lechiade for vessels of fifty tons, and there receives the river 
Coloe, about one hundred and thirty-eight miles from London. 
From Lechiade it continues its course north>east to Oxford, where 
it receives theCharwell; after which it runs south-west to Abing* 
don, and thence to Dorchester, where it receives the Thame, and 
continuing its course south-east, flows by the borders of Berkshire^ 
Buckinghamshire, Surrey, Middlesex, JSssex, and Kent, jiii, this 
extensive progress it passes along a multitude of towns aiid fine 
picturesque villages ; and having visited Loudon and Westminster, 
proceeds by Deptford, Greenwich, Woolwich, aud Gravesend* 
to the 8ea« It is impossible to represent the beauties with which 

the banks of this noble river are embellished from Windsor to Lon« 
don I besides numerous villages, they are adorned with magnificent 
seats and gardens of numerous nobility aud gentlemen. The tide 
flows as high as Richmond in Surry, which, following the winding 
course of the river, is seventy miles frOm the sea. At London the 
depth is suificient for the navigation of large ships, which renders it 
the greatest port for trade iu the universe. The water is justly 
esteemed exceedingly wholesome, and fit for use in very long voy- 
ages, during which it will work itself perfectly fine. It likewise 
abounds with a great variety of fishes. 

The best description of this renowned river b to be found in Sir John 
Denhani's poem of Cowper's Hill. It is as follows \ and the fine 
simile with which it concludes, and particularly the sweetness of the 
lines in which the simile is conveyed, have been objects of admira* 
lion and perhaps of envy by every succeeding poet*. 

Thames, the most lov*d of all (be Oceania sons 
By his old sire, to bis embraces rans ; 
Hastio^o pay his tribute to the sea, • 
Li Ice mortal life to meet eternity. 
Nor are his bleMiogs to his banks confined, 
But free and common as the sea or ivind ; 
Where he, to boast or to disperse his stores^ 
Full of the tribute of his grateful shores, 
Visits the world, and in his flying tow*rs 
Brings home to at, «nd makes both Indies oars ; 
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* BotkBlt#«BOtlliifrfMp1iceMirti«Bfe, 
While hit Mr boimn is (he werM*i eacheiifle* 
O eevld I flow like thee« and makelby ttream 
My greet ezample» ei it It my theme ! 
Thoegh deep, yet deer % 'tiwivgh seetle, yet not dilh \ , 
Strong wlthdvt reffy wkheet e'erflowiiig fiill* 

Ahliough it » the cunent ofdnion that the Thames bad ita name 
hwtSL the cotyonction of the lliBme and Isis, yet it is always called 
Thames t>efe«e it comes near the Thames This the annotator on 
Camdoi proves from ancient records, and adds> " it may be safely 
aSrmvdy that it does not occor under the name of Isis in any charter 
or aiitbentic history ) and that liie name is no where heard of« ex- 
cept among scholara ; the eamiBon people all along, firom the spring, 
head to Okferd, cdlfalg it by an other name but that of the 
Thames.'* 

The Seterv rises ftoim a imall lah* on the vast mountain of 
Plynlimmoo, in Mentgonwfysliire, and is the |mndpal beauty of the 
emmty, in whidh H reeehFcs ao many mbaH alrauns» that it beconiea 
nainigable near the tovHi of MostgooKery. It passes through the 
middle of Sbropshfae ; on itiTbiidks are the'towns of Shrewsbury and 
Bfidlgenorth ; Us course is throygh tlie centre of Worcestersliirsf, 
ftom north to aonth, the dty of Worcester and town of Tewkes- 
bury bemg here seated on tts margfa. Entering Glouce^ersliire, it 
runs by the dty of Gloucester, and dischafges itself into a large Iray.. 
#hich, from the eonlmercfail city in its victnity, is called the Bristol 
Channel. About fifteen miles firom its mouth a navigable canal ha» 
been construeled, wEich conveys the waters of the Severn to within 
about two miles of Chencester; they' are thifn carried by a tunnel 
or archway, the height of which is fifteen feet above the surface of 
the water, through Sapertoo liill, two miles and three furlongs m 
extent, Ibr the purpose of communicatmg with the Thames at Lech, 
lade. In November 1789/ this navigation was completed. The 
Severn is distinguished for the abundance of salmon which frequent 
i^ and the lamprey, whicb is almost peculiar to it ; this last fish is ii> 
season in tlie spring of the year, when it has a delicious taste, which 
abates as the sunmiet advances. 

The THeNT rises among the moor-Iaiids in the north*west part 
of StRfionbbire^ and has its^ waters increased by several nvuleU, by 
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the Soff, Olmmel, EcdMliell-walc^T, and other slreams, and ibea 
I III [l ilip e-.(iiiT)ird. Il becomes iiavignblc at Button-iipim. Trent, 
vhert il kaveithu county, and floHJng through those of Derby, 
NolEiii:;haNi aod Lincoln, discbarges itself into the Hiiuiberj that 
gr^at teceiilaHe nt'tlie nnrtheni riven, ninninga coitreeoi'uear two 
Inindted miles. It intrrs Nottinghamshire at the soutbiresi point, . 
where it ii joined by the Erwasb, and passes to the eastward till 
it reaches Newark, where it forms un island; when tnming t* llw 
north, after a track of about fourteen miles, it forms tlie baandaij 
of that county on the side of Lincolnshire. Poets have derived lh« 
■ame of this river from f Air/y kinds of fishes which are found in Ji^ 
aad from thirly streams which flow into it. 

The tMonleoot TrcDt, lb>t in hlraieU eoseOBS 
■aih lUrtyiorti of Saba, and (lilii]> nuidry itrtanis. 

But this ought only to be considered as a poetical fiction. Mr. 
Penuant determines the name to be Saxon, and says it ii derived 
from its li^ng from iAree heads. The Dove which rises in the moit 
nortbem point of Stufibrdsbire, forms the boundary between it and 
Derbyshire, and joins tbe Trent % little Ifelow Burton. Tbe Sow 
rises a few miles to the west of Newcastle. under-Line, and Alb into 
the Trent on the south-east. These are well stacked with fishes, 
C^iedally the Trent, A canal has been formed from Cbestcrfield, 
fa) Derbyshire, which, passing through tlie northern part of Nottrnga 
hamshire, communicates with the Trent just below Oaingborough j 
it was begun in 1773, and completed in 1775. In itscoune a sab- 
terranean tunnel is cut through Norwood hill, which extemU S830 
yards, or upwards of a mile and a half, so perfectly slnijtht, that tba 
termination at one end may be seen at the other, The arch it 
twelve feel high, nine feet three inches wide, and m tbe deepest 
part thirly-iix yards below the surfitce of tbe earth. By meanrof 
the mimeroiii canals which are now formed in the north of England, 
a communication is opened between the Treut and the Mersey, OT 
quite across the kingdom, from east to west. 

The rivers nliich tall into the Huubbr are tbe Ouse, or Nortl^ 
em Ouse, and those by which tbe Ouse itself is enriched, as the 
bun, or Don, the Derwent, tbe Calder, the Aire, the Wharse, lh» 
Nidd, tbe Yore, and the Swale, The Ouse rises in the west*north* 
' D S 
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weit*flUe of YoikflhiK, and chiefly nms to th€ south-east. The 
Dun* or EKni^ rises hi the hilb near the south-west enid of York- 
sbire» whiere it is called the Sheaf| and runoiDg to the southward till 
it has reached Sheffield, turns to the north-east, and lalls into the 
Oose. The Calder has its source in the edge of Lancaslure, and 
entering the soutli-west side of Yorkshire, runs eastward, and joins 
the river Aiie. The Aure has its spring at the foot of a high hill, 
caUed Pemiigent, runiung slowly, and diiefiy to the eastward, dis- 
charges itself mto the Ouse. The Wharae* or Wherse, rises among 
the hilb in the west of Yorkshire, and runs with a swift and impe- 
tuous cnirenty mostly to the south-east, till it falls into the Ouse, 
The Swale rises amoiig the norlh.west bills of Yorkshire, and run* 
liing chiefly to the south east, joins the Nidd, about four miles 
below Borough-bridge. The Derwent, which divides the north and 
east ridmgs, rises m the north-east of Yorkshire^ near the sea.coast, 
between Whitby and Scarborough, and flrst runs to the sooth, then 
winds to the west, and again to the south, falling at length, like the 
preceding, mto the Ouse. The Hull has its source in the Woulds^ 
whence k runs mostly to the southward, passmg near Beverley, and. 
fidls into the Humber; all these afibrd abundance of fishes, parti- 
cularly salmon, trout, and craw-fish. Into each of these rivers a 
great nmnbiBr of rivulets dischaige themselves. 

The Humber is formed at the confluence of the Ouse, and may 
rather be considered as a narrow bay than k river, being throughout 
its short course extremely wide« Its whole extent, quit^ to Spurn- 
head, a narrow peninsular which terminates Yorkshire to the south- 
eastward^ is not more than thirty-six miles. Yorkshire partakes of 
the advantage derived from that great modem improvement, navi* 
gable canals. A communication has been obtained between the 
western and eastern coasts, across Lancashire and Yorkshire, by 
means of a canal, proceeding from the river Mersey, at Liverpool, 
to the^use, at Selby, about sixteen miles above its junction with 
the Humber; the canal is not yet fully completed according to the 
original plan, but it has been long rendered navigable across the 
county of York, from Holme-bridge, four miles north-west of 
Skipton, to the Ouse, passing by Leeds; and by act of parliament 
the proprietors are enabled to borrow additional sums of money for 
the purpose of completing the design. , From this canal a branch is 
foripedy a))out three /niles in extent, to Bradford. Another of small 
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Extent h cut nter Wakefield^ to fieiKtalfe the eomiii«iiciitkNi 

betwwn this place and Halifax, 

While speaking of canals, that astonishing work which, under the 
name oj the New River, was begun in the early part of the last 
century, and uhich in its progress and completion has proved so 
highly interesting to the most populous and wealthy part of this 
country, ought not to pass unnoticed. 

This most noble undertaking, for the purpose of supplying the 
northeni and western parts of the cities of London and Westmin- 
ster, and nearly the whole of their environs, with that necessary of 
life, water^ is by means of this river, which is conducted in ao arti* 
ficial canal, extending through a winding course of thirty-eight 
miles three quarters and sixteen poles, from the springs of Chadwel 
and Amwell, near Ware, in Hertfordshire. It was undertaken in 
the )ear lbo6, by Mr. Hugh Middleton, citizen and goldsmith c|f 
London, who was afterwards knighted, and at length created a ba- 
ronet ; but the title is now extinct. In about 6ve vears be had 
brought the water as far as Enfield, but having met with great 
difficulties, and strong opposition, he found himself extremelyimpo« 
verished by the undertaking, and applied to the Ford mayor and cor- 
poration of London for assistance, but they refusings to be concerned^ 
he made a more successful application to Jamea I. who, in the year 
1612, engaged to bear half the expense of the concern on becoming 
a half partner in it ; though the king was excluded from interferii^ 
at all in its management. The sums paid out of the Exchequer at 
various times, from Easter l6l2 to September I61*, in consequence 
of this covenant, were 6,34?/. In the following year, water wts 
brought into the bason called " The New River Head,*' at Islington. 
It was then thought to be an object worthy of national attention, 
and Sir Hugh Middleton dividing his moiety into thirty-six shares, 
sold twenty-nine of them. It was not, however, until the year l63S 
that any dividend of profit was made, and Sir Hugh died in the year 
1631 ; the proportion to each twenty*nint}i share was, at that time, 
11/. 19^. Id. the secoud dividend was only 3/. 45. ^2d. aud nistead 
of a third, a call upon 'the partners was exfiected to be made. 
Charles I. supposing little advantage would accrue from the under* 
taking, re.conveyed to Sir Hugh Middleton, in his lite.time, the 
royal tnoiety, on condition of having secured to him and his succes* 
lors a fee-latm rent of 500/. per annum. This moiety waa likef 
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i|(ite difided into tiiirtjrtbL simrcf, which were called ** the king's 
fhares,** as the other twenty-niiie were; ** the adventurers," who 
were incorporated by letters fiateDty ui the jear 1619, by the name 
of ** The New River Company/* and the Kovemment of the coo* 
cam lodged in their hands. In the year 1766, one of the king's 
ibares was^sold by public auction for 4^00/. and in I770, another 
king's' share, or one seventy second part of the whole, was pur- 
dnaed at a pubh'c auction for OjOOL The corporation consists of 
a goveruort deputy^vemoo treasurer, and twenty-six duectors, a 
coUector and bit assistant* a surveyor and his deputy, collectors, and 
•workmen. The canal called ** The New River^ is carried over two 
vnfci, m wooden frames, or troughs^ lined with lead ; in its course 
am forty-three akuees» and over it are two hundred and fifteen 
brklges. In soom parts it it conveyed through subterranean 
passages. 

Sur Hugh Middbton kft l>y hk will some of his shares to the 
Goldsmiths* company, to be diinded among its poor members. 

This ndventnrons baronet was pofsesaed of mines in Cardigan* 
aUre^ whicb ha ift said to hate worked to so great advantage, as to 
liave deared two thousand pounds, a month for several years toge- 
ther, whieh enabled bun to bring the New River water to London ; 
bot Mr. Pennant says that be expended the whole on that great 
object, and was so leduoed, as to support himself by becoming an 
JiiieUng surveyor. One of bis feouile desceodanis. bemg in very 
sedoced drenmataiices^ was, not many years ago, voted a small an- . 
unity by the corpomtmn of Londont in consequence of a petitioo 
irhich she picaented. 

NORTH AMERICA. 

Anmica is extremely well watered by rivers not only fof the 
support of animal life, and al| the advantages of fertility, but 
for the convenience of trade, and the intercourse of the distant 
sinhabitants by water. In North America, tbe great river Mis- 
sissippi runs chiefly from north to south, receivuig in its course 
many large rivers, scarcely inferior to the Rhine or the Danube, 
navigable almost from their sources, and laying open the inmost 
vecesses of this part of the contment. Near the heads of these an 
txtenrive likei of ficsb water, which baTe a communication with 
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cttdiollwr, and with A* grmt mer St.' Lavishob. On tfa* 
fHtrni ude of Month America m tl>e fite tiren, Hudson, D1L4- 

WARB, iAMKtt POTOWMACK, SUSQUEHANNA, CoNNItCTtCUT, 

and M«eral others of exteDsite ienglh and depth. 

The riven whkli flow vre^tward, and diicharge themKlvei into 
the Pacific Ocean are very iniperlcctly ktiowu: among these, the 
Obkoan, Columbia, or ftivcn of the We^t, jb probably hy 
£ur the larnesl. Captain Cook proceeded a considerable way up it 
ID the year 177&, uid through the whole extent of his Duvigation it 
was found to be broad, deep, and rapid, so that it ma; be supposed 
to take its rise in the centnil (lart of the American continent. 

The Bourbon has only been tnced from a very extensive lake, 
which has received llie same name: ils course is toward Hudson's 
bay, above tlie hftylilth de);ree of north latitude. 

The vast river Mississippi is supposed lo take it* rise from thre« 
or four springs, which unite at about 46" north latitude, and ^6^ 
west longitude; it has betn ascended as high as 45" north, about 
one hundred and fifty miles above the Fallr of St. jlnlhoHy, Its 
course extends abovo two thousand miles, comprising' its ci'utinual 
flexions. It proceeds in a soulh^eaal direction, till it arrive* ^ abont 
3&° north hiitude, and then proceeds atmost due south, till it 
arrives at West Florida, where it again runs lo (lie south-cast. 

Il receives ttie river St. Pierre, or St. Peteri on the westward^ 
near the Falls of St. Anthony, and the Moingona in tbe lame dirtc> 
tioa, about 41" north latitude; from the eailward, the Fox river; 
and the Illinois below 40^. A little lower, tite noUe Miuauri rant 
into it from the westward; the Ohio joins ii from the eaitwanl. 
At 33°, the White river and the Paniassas first join, and then poor 
their united streams into ttiis grand receptacle of waters, which dla> 
chaises itself iuin the sea by iiuifly openings, most of which have but 
little depth of water. 

The Mississippi, after being joined by the Missouri, is abont six 
miles wide, and contiunes its course southerly, no considerAle 
stream falling into it after this for between two and three hundred 
miles, when it is joined by the Ohio. The country on each side tb« 
Uisiis^ippi to this place u exceedingly 6ik, the climate warm and 
agreeable. 

The navigation of lite Mississippi is very tedious, even in descend- 
ing, as it is not deemed safe lo sail down it durbg the night; the 
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river being coostantljr encumbered with floating trees, which the 
winds tear from its banks, and precipitate into the uater. The 
ascent is still more difficult and tedious. P/oc eding northward 
from its mouth, the adjacent country is one continued level spot, 
covered with vast forests of trees, which so entirfly intercept the 
winds, as to cause a dead calm constantly tc» prev.iil, so that in this 
part it commonly takes a month to sail only twenty leagues. When 
these fore&ts rease, the remainder of the navigation is obstructed by 
strong currents, so that boats seldom advance farther than live or 
six leagues in a whole diy. This river bounds Louisiana to the 
eastward. 
, The Ohio, or Fair River, which Mr. Jefierson calls '* the most 
beautiful river upon earth,*' rises in several branches, some of which 
spring near lake £rie, and otiiers within a few miles of lake Ontario. 
It b called the Alleghany, until it w joined by the Monongahela, 
which riiies from tlie west side of the Alleghany mountains, in a 
great number of small streams, that unite, and, together with the 
Alleghany, form this river, about AXf 35' north latitude, when it 
takes the name of Ohio. Its general course afterward inclines to 
the south-west, and takes a remarkably winding serpentine form. 
At Fort Pitt, where the junctioii is made, it is a mile wide, but 
grows much wider before it joins the ississippi, which is in lati- 
tude 3^^ %' north, receivmg several streams in its course thither. 

The country between the lakes and the junction of the Ohio and 
Mississippi, for several hundred miles, is level, and has an excellent 
soil ; the climate is healthy and agreeable, and the winters short and 
moderate : its natural productions are numerous and valuable : it is 
well stocked, but not encumbered with timber trees, so that no 
country in the world is capable of nobler improvements. 

Great part of this country is now settled, and new states are form« 
ing ; of these Kentuckey has for many years sent representatives and 
senators to congress. 

None of these American rivers are acted upon by tides, the copious 
efflux causing the waters constantly to proceed with rapidity toward 
the mouth, so that no ships, without great difficulty,, jcan proceed 
upward in any of these rivers, and the commercial benehts which 
they yield are chiefly internal, furnishing a ready conveyance for 
the productions of the country, but incapable of bringing back 
any foreign articles. In the rising state of Kentuckey many ships 
sre built, which floating down the Ohio, proceed to the gulf of 
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MexkOy ftfid lakMi^ the bimefit of'thecurreiiV which comtatitly 
sets in to the uorthvrard through the Bahama straits, arrive at tlictr 
destined port on the eastern coast of North America, with greater 
celerity and safety. One material im^iediment, however, to this 
navigation on the Ohio> is a considerable fall, about tlit* latitude of 
38° north. Its descent , however, is^ gradual, but continued for 
half a league: the breadth of the river in that pirt is a mile and 
a quarter. The level of the river by this fall is not sunk more than 
iMenty feet* There is a considerable variation in the quantity of 
water which fills the bed of this river at difterent seasons of the 
lioar, and when the river becomes shallow, the depit of w;ater at 
this fall 18 only sufficient to convey light boats down the strcaQi. 

The IsLB OF Oblbans, at the month of the Missusippi, in 29* 
58^ Jatitude, and 8^° 5^ west longitude from Greenwich, is a verj 
beautiful and fertile spot of ground, on which the French had a con* 
siderable city, named "Sem Orleant, which is the capital, and indeed 
the only city of Louisiana. It is fortified in a regular manner, and 
accordinf^ to some French authors, has about six hundred handsome 
houses, and five parish churches, with straight and handsome streets, 
that cross each other at right angles, but the buildings are chiefly 
of wood, aod not remarkable for their beauty. 

This towii owed its rise to the delusions which were practised by 
the celebrated projector Law upon the French nation. 1 he immense 
wealth which was supposed to be contained inthe mines of St. Barbe^ 
in Louisiana, caused a company to be formed in France, and a na« 
tioaal phrenzy long prevailing, vast numbers embarked for the pur* 
pose of settling otr the banks of the Mississippi. They were landed 
at Biloxi, in West Florida, where the far greater number perished 
by want and ntisfortunes. Five years afterwards, the survivors 
were removed to the island on which the town cf New Orleans was 
built, and so named after the regent of France. Tiie Abb^ Raynal^ 
asserts that upwards of a million sterling was sunk in this dibastrous 
scheme. 

The source of the St. Lawrence, the great river of Canada, 
has never been traced, though it is known to have a comnitmioiiiou 
with the lakes into the interior country to a va!>t extent. Carver^ in- 
deed, asserts, that the four capital rivers on the contiDent ot North 
America^ viz. the 67. Lawrence^ Mississippi^ Uonrbon, aud Ore* 
gaUy or river of the west, have their sources very near each other: 
those of ihe three former bsing within thirty ruilesi the latter some. 
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what farther to the west ; but the evideiice on which he makes this 
assertion is by no means ^lear and conclusive. After a north^ieastcrn 
course of many hundred miles, it discharges its waters into a large 
gulf> extending from 45^ Btf to 51° north latitude ; the islands of 
Newfoundland and Cape Breton lying between it and the great At* 
lantic Ocean. The river is navigable for large ships as high as 
Quebec, which is. four hundred miles from its mouth ; farther up, 
•boals and rocks impede its navigation. The French, while in pos- 
session of Canada, industriously exs^gerated the difficulties and 
dangers attending the' navigation of this river ; but since tlie English 
have possessed the country, the utmost -attention has been bestowed 
to form accurate charts of it, and to give ever^ kind of assistance for 
its safe navigation. In executing these designs^ Captain Cook was 
for some time employed, before he became a circumnavigator, iu 
performing which his great abilities were first discovered, and tiie 
foundation laid for his future fame. 

Hudson's, or the North River, rises within about twenty miles 
of Lake George, and runs to the south, discharging itself at New 
York, or Sandy Hook. This river is navigable for vessels of one 
hundred tons, as high as Albany, which it a course of one hundred 
and fifty miles, and shallops may go up eight or ten miles higher. 

The largest river in the state of Pennsylvania is the Delaware, 
which rises in the country of the Five Nations, and flows into the sea 
at Delaware-bay. It is navigable for near an huudred and fifty miles 
up, after which it has some (alb; the settlements upon this river 
extend an hundred and fifty miles from the city of Philadelphia, 
which is seated on its banks to the westward, and on the Schoolkilt 
to the eastward, which it joins a few miles below Philadelphia. The 
lands on the banks of the Delaware are excellenL Its course is 
nearly southeast, and it affords great plenty of all such fishes as 
are common to tlie climate, especially sturgeon, which are here 
cured, aud exported in greater abundance than in any other part of 
America. 

The Susquehanna rises in the same country, at the distance of 
ninety miles from the Apalachian mountains, and runs at first south- 
west, aud then south-east, nearly parallel to the Delaware, till it 
discharges itself into Chesapeake bay, in Maryland, This river is 
likewise navigable a great way up the mterior country, and, if pos. 
siUle> exceeds the other in the pleasantness and fertility of the soil 
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on ih banht, which produces, in great abundance, all surts of corn, 
»pfciallv wheat. 

The Schoolkill, ur Shulkill.has ils source in the same counli?, 
running almost parallel lu ibe IvkO other rivers, (ill at length it fdlk 
into the Delaware, near the city of Philadelphia, above which it ii 
navigable fur boats, al least a hundred miles faiglier up the counlij. 

These rivers, with the numerous bajis aud creeks in Delaware bi^, 
tapable of contaiiiini; the largMt fleets, render this province admira* 
h\y suited for carrying on a foreign trade. The country also abounds 
in streams fit for mills, and all other kiiuls of mechanical cxpedieala 
for easiot; the labour of man ; hence there is here manuliictured a 
greater quantity of iron than in any province on the continent. 

The bay of Cbeaapeak is one of the largest und tafcHt bays perhapa 
iu the world : for it enleis the country near three hundred miles 
.from the aoulb to the north, having tfie eastern sidfr of Marylawl, 
and a imall port of Virginia, on the same peninsula, tocover it tnm 
the Atlantic Ocean. I'his bay is almost eiglilren miles broad for a 
considerable way, and seven where it is narrowest, the water in most 
places being nine fathom d«ep. Through its whole extent it is en> 
ricbed , both on the eastern and western side, by a vast number of 
fine navigable rivers : for, beside those of Maryland, it receives 
from the side of Virginia, Jamea-riveri York-river, the Rappahib 
nock, and Ihe Polowinac. 

These riven ere not only navigable tiwniselvei for very large ves> 
laels a considerable way into the country, but have lo many creeks, 
tad receive stub a number of smaller navigable rivers, as render ibe 
communication of all parts of Ibis country inconceivably more eaqr 
Iban Ibat of any other. The Potowmac is navigable for near two 
hundred miles ; it is nine miles broad at its mouth, and for a vast 
way not less than seven. The other three are navigable upward of 
eighty t and in Ibe windings of their several courses approach one 
another so nearly, that the distance between them is in some parti, 
not more than ten, and in olliers not more than five miles ; while in 
others again there are fifty miles between each of them. The planters, 
as in Maiyland, load and unload vessels of great burden at their 
own doors ; which, as their commodities are of snjall value in {Uv- 
portion to their bulk, is an incalculable convenience. 

CONKECTICDT river rises in New Hampshire stale, latitude 44* 
!(/; it pursues a remarkably atraight course to the south, and dis. 
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charges its waters into the sound opposite to Long Island. Aboat 
one hundred and forty miles from its source, near the town of Will- 
pole, are very rapid falls, the force of which is caused by the water's 
bemg enclosed by two rocks within a space of about thirty feet, and 
fatliog into a broad bason below. O^'er these rocks a bridge was 
constructed in 1 784, with such an elevation as to be inaccessible to 
the higliest floods. From these falls to the mouth of the river tiie 
distance is about one hundred and sixty miles. « 

SOUTH AMERICA. 

• 

We have yet to describe three majestic floods, that may well vie 
with any we have yet glanced at. These are, the Oronooko^ or 
Ormoko, the River -of JilmaxoMj sometimes called the Orelianay 
but more properly the Maragnon ; and the Piate River^ or Rio 
de la Plata. They all rao in the general directioo of from west 
to east* 

The Oti^ONOOKO forms one boundary for Guiana. It is said to 
be seven hundred and fit'ty.iive leagues in length, from its source, in 
Popayau, near the Pacific Ocean, to its discharge into the Atlantic* 
in 9^ north latitude, where its impetuosity is so great, that it stems 
the most powerful tides, and preserves the freshness of its waters to 
the distance of twelve leagues out at sea. The Oronooko in the 
month of Aprtl begins to swell, and continues to rise during five 
months; the sixth it remains at its greatest height; i. October it 
begins to subside, and falls gradually until the month of Marc6 ; 
during which month it remains at a fixed state of its utmost dimi- 
nution. This regular rise and fall of its waters is unquestionably 
produced by the rainy and the dry seasons, which alternately prevail 
in this part of the world. 

Columbus, in his third voyage of discovery, which commenced on 
the 30ih of May, 1498, taking a more southern course than he had 
pursued in his two former voyages, discovered the island of Trinidad, 
on the coast of Guiana, ne^r the mouth of this great river, on the 
first of August following. The swell occasioned by its waters pour* 
ing into the ocean was so great as to expose the ships to extreme 
danger, but after long combating the currents and tremendous waves 
with doubtful success, he conducted his squadron safe through a 
narrow strait, which separates that island from the continent; this 
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be called " Bocca del Drago," ihe dragon's moulfi. He justly con> 
- duded llial such a vast body of water must flow tlirough a cnuutrj 
of immense tKlciit, and tliat lie was now arrived at lliat coulinent 
which it had long beeu the object of Lis wishes to discover. Full of 
this idea, he stood to Ihe west, along the coast of those proviuces 
BOW known hy the oames of Paria and Comaua. 

The OronooltD, though a river onlj' of the third or fourth magni. 
tude in tlie new world, fat surpasses ibe largest rivers in our bemi. 
■phere. It rolls toward the ocean such a vast body of water, and 
rushes into it with such impcluoiu force, that when it meets the tide, 
which on Ibai coast rises to an uncomiDon height, Iheir cotlison oc 
casioDS a swell and agitation of the waters no less surprising than 
formidable. 

The River oI^ the Amazons, which is the oortbem boundary of 
Brasil, as it has its source among the Aodes, which are the highest 
tnountaios on the globe, is the greatest river in the world. Its rite 
is not far from (he Pu:ific Ocean, and it runs iti an eastern course, 
according to Ulloa and Coudamioe, more than twelve hundred 
leagues, in which progreai it received above sixty considerable riven* 
In some parts it divides into several branches, encompassing a multi- 
tude of islands, and at length discharges itself into the Atlantic 
Ocean, directly umler the equinocthl line, by a channel one hundred 
aiid fifty niiles broad. 

The lirst European who sailed down the river of Ai^azous, or as 
it is more properly called the JI/ara^noR, was Francis Orel I ana, soon 
after the conquest of Peru, in the year 154-). He was nest in com- 
mand to Gonzalo Pizarro, the governor of Quito, and a brother of 
that heinouH barbarian who slaughtered or enslaved the Peruvians^ 
•like regardless of every restraiut from the calls of Justice, as iosen- 
tible to the feeh'ngs of humanity. Gonzalo Pizarro, with a body of 
Spanish soldiers, uiul some thousand Indians, attempted to penetrate 
into tlie interior recesses of the American continent, expecting to ac- 
quire great wealth in countries possessed by other tribes of Indians; 
but in his whole proij-rrss, neither inhabitants, nor silver, nor gold, 
supplied liim and bis followers with their e\pecled prey : but a fale 
more merited pursued them ; for they encountered such hardships 
from incessant rains, want of subsistence, and continual exertions in 
cutting tlicir way through thick woods, or wading through marshes 
'and morasses, that great numbers of the patty perished miserably ; 
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«t length, tbe sanmron fetched the Coct or-Nap<s one of the Uirge 
nnn whose wiiters pour into the Maragnon, iuid contribute to it» 
grnudeur. There n bark was built, add fifly soldiers, under the 
comnumd of Orellana, proceeded in it down the stream^ sent by Piz. 
arro to procure food for their perishhig associates ; but no principle 
•f honour, or emotion of |Mty, could actuate such men : Orettana, 
legardless of their situation whom he had kft on shore, determined 
to abandon them to their fate, to follow the course of the stream, 
and explore the cooutries through which it passed* 

Pixarro had no soycion of th^ treachery of his officer until he 
learnt the fatal tidings by one of the fifty hi the hark, and this man 
had been landed on a deaeit shore, Aere to pernh, because be ex. 
pressed his abhoRenccof rodi a cruel breach of trust : Pizarro hav* 
ing proceeded onward, haf^penng to reach the spot, and hearing- 
the dreadful tidings^ immedmtely attempted to return to Quito, 
which was at the distance of twelfe hundred miles. In this des- 
pboduig root hunger oompelled them to fiecd on roots and berries, 
and eiren to gnaw the leather of tbeur saddles and sword-belts. 
Four thousand Indians and two hnudred and ten Spaniards perish- 
ed in this wild, disastrous expedition, which continued near two 
years; and only fooncore got back to Quito, naked as savages, and 
ao emacmted by famme and fatigue, that they appeared more like 
spectres than men. 

Of Orellana's enterprise, Dr. Robertson speaks as follows. « l*his 
scheme of Orellana*s was as bold as it was treacherous. For, if he 
be chargeable with the guilt of havuig violated his duty to his com- 
mander, and with having abandoned his fellow-soldiers in a pathless 
desert, where they had hardly any hopes of success, or even of 
safety, but what were founded on the service which they expected 
fironi the bark ; his crime is, in some measure, balanced by the glory 
of having ventured upon a navigation of near two thousand leagues^ 
through unknown nations, in a vessel hastily constructed, with green 
limber, and by very unskillful hands, without provisions, without a 
compass, or a pilot. But his courage and alacrity supplied every 
defect. Committing himself fearlessly to the guidance of the stream, 
the Napo bore him along to the south, until he reached the great 
channel of tbe Maragnon. Turning with it toward tbe coast, h^ 
held on hb course in that direction. He made frequent descents on 
both sides of the rhrer, ^metinies seizing by force of arms the pro- 
visions of the fierce savages seated on its banks ; and sometimes prjo* 
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Ctiring t tupply of food by a friendly iiitermune witb more gentle 
tribei. After a long series of dati^rs, which he encouitlercd witli 
jimacing (brtkude, and of distresses nhick he supported wiih no lea* 
nngm^imity, be reached the ocean, where net* perils awaited bim. 
TbeM he likewise surmounted, and got safe to the Spanish settlement 
ia the island of Cubagua ; thence he sailed (o Spain. The vanity 
n^unl to travellen who visit regions unknown to the rest of man> 
kind, and the art of an adventurer, solicitous to magnify his own 
nerit, ^oncared in pmmpting bitn to miugle an extraordinary pro. 
pOTlion of the oiarvellous io the narrative of his voyage. He pre- 
tended to bave discovered nations so rich, that the roofs of tbeit 
temples were covered with plates of gold ; and described a republie 
of women, so warlike am) powerful, as to have extended their domi. 
nion over a conHrferablc tract of the fertile plains which he had vi- 
rited. EvtranganI as those tales were, they gave rise Io an t^nioo 
that a regioD abounding with gold, distiuguished by the name of El 
Dorado, and a ^Ominunity of Amaions, were to be found in this 
part of ibe New' World; and snch is the propensity of mankind to 
believe what is wonderful, that it has been slowly and with difficulty 
that reason and obscrratioo have exploded those fables. The voyagrt 
however, even when stripped of every romantic embellishment, de* 
•ervcs to be recorded, not only as one of the most memonble occur- 
renccB ia that adventurous age, but as the lint event which led Io 
any certain knowledge of the extenuve coimtrics that stretch eastward 
' from the Andes to the ocean.'' 

Herrera, in bis History of America, gives a circumstanlial accotrnt 
of Orellam's voyage. It appears that he was very Dear seven month* 
from the time of his embarknig to his reacbiiig the moutb of 
tiic river. 

M. de la Condamin^, iu the year I743> for the purpose of mea' 
iuriog a d^ee of the meridian, sailed from Cuenca to Para, a seU 
tlcDMOl of the Portuguese at the mouth of the river, a navigation 
much longer than that of Orellana, io less tlian four months. But 
the two advcDiureis were very diflereotly provided fur the voyage. 
This hHiaidous undertaking, to which ambition prompted Orellana, 
and the love of science M. de h Condaiulne, was undertaken by 
Afadam Godin des Odooais, io ihe year l'S9, from conjugal alfec* 
tion. I'he narrative of the hardships which she suffered, of ihq 
dangers to which she was eapoiied, and of the diusters which betel 
her is one of tbe mflst singular and a&cting stories telatcdin any 
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language, and exhibit in her condact a striking picture of the fortu 
tttde which distinguishes the onesei» mingled with the sensibility^ and 
tenderness peculiar to the other. 

The early Spanish writers have given to this river the name of the 
man who first descended it. 

The Rio db la Plata, or Rivbr of Plate, rises likewise 
among the mountains on the western side of South America ; its 
course is said to be more than eight hundred leagues, in which it 
receives above fifty rivers ; it discharges itself into the Atlantic Ocean 
by a very extensive mouthy its northern coast being in 35^ and its 
southern in 36^ '2Xf south latitude. 

This vast river was first discovered by John Diaz de Solis« whom 
Ferdinand of Spain had fitted out at his own expense, in the year 
1515, and provided with two ships for the purpose of opening a com- 
munication with the Mohiccasy or Spice Islands, by the west. De 
Soils was considered as one of the most skilful navigators in Spain. 
On the 1st January, 171^1 he entered a river which he called Ja- 
neiro. He proceeded thence to a spacious bay, which he supposed 
to be the entrance mto a strait that communicated with the Indian 
Ocean ; but on advancing fartbetf be found it to be the mouth of Rio 
de la Plata. In endeavouring to make a descent in the country, De 
.Solis and several of his crew were slain by the natives, who, in sight 
of the sliips, cut their bodies in pieces, roasted and devoured^! hem. 
Discouraged by the loss of their commander, and terrified at this 
shocking spectacle, the surviving Spaniards set sail for Europe, with- 
out attempting any discovery, and nothing farther was heard of it 
until several years afterward, When the Portuguese gained a know- 
ledge of its amazing extent. 

P. Cataneo, a Modenese Jesuit, who landed at Buenos Ayres in 
the year 174-91 represeuts his astonishment at viewing this vast body 
t}( water in the following manner. *' While 1 resided in £uro|)e,'* 
says he, '' and read in books of history or geography that the mouth 
of the river De la Plata was a hundred and fifty miles in breadth, I 
considered it as an exaggeration, because in this hemisphere we have 
no example of such vast rivers. When I approached its mouth, I 
had the most vehement desire to ascertain the truth with my own 
e\cs; and I have found the matter to be exactly as it was represented. 
This I deduce particularly from one circumstance : When we took 
our departure from Monte-Video, a fort situated more than a huu- 



' fATAEACrS, AND IMUNDATIOMi. 49 

dred miles from the mouth of the river, and where its breath is cou- 
siderabiy diminished, we sailed a complete day before we discovered 
the land on the opposite bank of the river ; and when we were in 
the middle of the channel, we could not discern land on either side, 
and saw nothing but the sky and water, as if we had been in some 
great ocean, indeed^ we should have taken it to be sea, if the fresh, 
ness of its water, which was turbid like the Po, had not satisfied us 
that it was a river. Moreover, at Buenos Ayres, another hundred 
miles up the river, and where it is still much narrower, it is not only 
Impossible to discern the opposite coast, which is indeed very low 
and flat ; but one cannot perceive the houses, or the tops of the 
steeples, in the Portugueze settlement at Colouia, on the other side 
of the river." 

The number of the diflerent sorts of fish in the rivers of South 
America is so extraordinary, as to merit particular notice. '' In the 
Maragnon,** says P. Acugna, '< they are so plentiful, that, without any 
arty one may take them with the hands." " In the Orinoco,** says 
P. Gumilla, ** beside an infinite variety of other fishes, tortobe or 
turtle abound in such numbers, that I cannot find words to express 
them. I doubt not then that such as read my account will accuse 
me of exaggeration : but I can affirm, that it is as difficult to count 
them, as to count the sands on the banks of that river. One may 
judge of their multitude by the amazing consumption of them ; for all 
the nations contiguous to the river, and even many who are at a dis- 
tanee, flock thither at the season of breeding, and not only find sus- 
'tenance during that time, but carry off great numbers both of the 
turtles and of their eggs, &c.'* 

It has been asserted, that most of the rivers in Peru and Chili 
have scarce any motion by night, while upon the appearance of the 
morning sun, they resume their former rapidity : this proceeds from 
the mountain snows^ which melting with the heat, increase the 
stream, and continue to drive on the current, whilst the sun con* 
tinues to dissolve them. These wonderful masses of water have been 
thus ably and elegantly described by the poet of the Seasons :— i 

Nor less thy ^orld, Columbos, drinks refreshed 
The lavish moisture of the melting year. 
Wide o*er his isles, the branching Oronoque 
Rolb a brown deliige ; and the native drives 

YOL. III. B 
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JTb dvrll ilvA OD nfc-nnclae tmt. 
At •ace kli iame, bii rabe^hW faod, mud wtoi. 
SwcU'd bj ■ tfaoanud itruiu, Impetuam hurl'd 
From all ihr rturins Aodci, tanse dnciodi 
The might; Orcllana. Scarce the nuK 
Darea itTetch her wia; o'er hh cauimMi bmh 
OrraUnitwkltr; •nree iM teiM altcnpt 
The feb-like PUlB ; to whoM dnad cipUMc 
Cunlinuoiu (le|iUi, and WDnilrouj Irngth of cuucsf, 
Our flood; are lills. With uniibaled force. 
In tileni dignily lliey tncrp along. 

And trBTi^rse rcalmi unknnirn, and blooming wildi, J 
A nd fniilful dwptis, uoiWi of Httilair, 
Where the »un ihincs, and lemsont teftn in voio. 
Unseen nnd iinr:\jny'd. Forjating thi-'e. 
O'er propled plains Ihey Tor drSusiic flow, 
And nuiny a union Teed, and circle safr. 
In tbelr uft boioia, many a happy iile ; 
The seal af blanieleti Fan, yet undiilurb'd 
By rlirUlian crimes luid Europe') cruel wiu. 
v Thm pouring on Ihey proudly seek the deep. 

Whose lanquiih'd tide, rccoiliag from (he thock. 
Yields la this liquid weighl of half rlie globe ; 
And Oceau Iremblei far Uit green domain. 

[Labal, Lobo, Sainburne, Camden, Raj/nal, Caroer^ 
■Rob'erUon, Condamine, Hcrrera] 

SECTION III. 

CLASSICAL, OB PiCTnRGSgilB SPBINOS, LAKKS, RtVBBS« 
AND CASCADES, DBSCBIBBD BY CLASSICAL AOTUORS. 

1. Smrei tftht Scamandtr, tht Mender, of the present din/. 

On tbe eleventh of March, having collecled our guides and 
borset aa upon the precediug day, we Mt out again from ETgillar, 
and pfoceeded up the roounlain, to viiit tbe Cataract, wlikb con- 
stitntes tbe source of (he Mender, on the nonh.toett tide of Gar- 
ganis. Ascending by tbe ude of iti clear and hnpetaens torrent, 
we reached, iii an hour and a half, the lower boundary of Ibe woody 
region of Ibe mountain. Hete we saw a more entire cbapel than 
either ot those described in our excursion the preceding day, sitiuf 
ted upon an eniineBce above the river. Its form was qmitnOfular, 



Md •bloBgi Tlw four wilb were yet BteddiBg , and p«rt <if Ibe 
Toof : this was vaulted, and lioed with painted stucco. The akar 
also remained, in an arclied recess of the eastern extremity : upoa 
the north side of it was a small ami low niche, contaiaing a marble 
table. In the arched recess was also a very antient painting of the 
Virgin ; and below, upon her left hand, the whole length portrait «f 
a Saint, holding an open volume. The heads of these figures wefe 
encircled by a line of Glory. Upon the right hand side of the Vliw 
gin there had been a similar painting of some other Saint> but pait 
of the fgucco, whereon It was paintedi no longer remained^ The 
word IIAPGENON, written among other indistinct chacactera, 
•p|>eared upon the walL The dimensions of this building were 
only sixteen feet by eight Its height was not quite twelve fitet^ 
from the floor to the beginning of the vaulted roof. Two small wia- 
dows commanded a view of the river, and a third was placed near 
the altar. Its walls, only two feet four inches in thickness, afforded, * 
nevertheless, space for tlie roots of two very large fir-trees ; these 
were actually growmg upon them. All along the banks of this 
river, as we advanced towards its source, we noticed appearances of 
similar ruins; and in some places, amoi^ rocks, or by the sides of 
precipices, were seen remains of several habitations together ; as if 
the monks, who retreated hither, had possessed considerable settle* 
ments in the solitudes of the mountain. Our ascent, as we drew 
near to the source of the river, became steep and stony. Lofty 
summits towered above us, in the greatest style of Alpine gran- 
deur; the torrent, in its rugged bed below, all the while foaoiingr 
upon our left. Presently we entered one of the sublimest natural 
amphitheatres the eye ever beheld ; and here the guides desired tis 
to alight. The noise of waters silenced every other Houud. Huge 
craggy rocks rose perpendicularly, to an immense height ; whose 
sides and fissuresi to the very clouds, concealing their tops^ wera 
covered with pines ; growing in every possible direction, among a 
variety of evergreen shrubs, wild sage, hanging ivy, moss, and 
creeping herbage. £oormou8 plane-trees waved their vast branches 
above the torrent. As we approached its deep gulph, we beheld 
several cascades, all of foam, pouring impetuously from cliasms in 
the naked face of a perpendicular rock. It is said the same raagni« 
ficent cataract continues during all seasons of the year, wholly un. 
affected by the casualties of rain or melting snow. That a river so 
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«fki6M«Mi7 nitimt hiitwy ibould «t (be mine time pron eqmlly 
eminent id circamtiftaoea of natural digtaiy, is a tict worthy of being 
rtlatei}. Ill origin is not like the source of ordinsrv streants, ob- 
Kure and uneertain ; of doubtful locality aad iDdeteTminBle ctiarac. 
ter; ascertained nith difficult;, avoDg vartoui petty subdiviaionsi 
in fWBinpy places, or amidst insignificaut rivuleN, fiklling from di^ 
fenni pattB of ibe same monntami and equally tributary ; it bunts 
at once from tlie dark womb of its pareul, in all liie ^reHlnciis of Uie 
divine origin assigned to it by Homer.' The early CliTiiliiin&, wh» , 
retired or fled from the haunts of society lo tlie wiMetneaa of Gar* 
garua, seem to have beeu fully sensible of the effect produced by 
grand objects, tu selecting, as the place of their abode, itie scenery 
near ihe source of the Scaniander: where the voice of nature 
speaks in her most awful tone; where, amidst roaring waters^ 
. waving foresls, and broken precipices, (lie mind of man becomei 
impressed, as by the influence of a present Oeily.f 

The course of the river, after it thus emerge^ with very little 
variation, is nearly from east to west. Its source is distant from 
Evgtilar about nine miles ; or, according to the mode of rotnputa- 
tion in the country, three hours ; hall this time is spent iji a gradual 
ascent frotn the village. The rock whence it issues consists of 
micaceous schislus, containing veins of sof\ marble. While the 
artist WHS employed in making drawings, ill calculated to aflbrd 
adequate ideas of the grandeur o( the scenery, I climbed llie rocks, 
with my companions, lo examine moie closely the nature of the 
cbaims whence (be (orient isaues. Having reached tbese, we foumt, 
in their front, a beautiful oatuial bason, six or eight feet deep, 
serving as a rescrroii for tbe wa(er in the first moments of its eniis- 
uoB. It was so clear, that Ihe minutest object might be discerned 
at the bottom. The copious overflowing of this reservoir causes the 
■ s^>peBrance, to a spectator below, of different cascades, falling to 
the depth of about forty leet ; bat there is only one source. Behind 
are (be cbasou whence (he wa(er issues. We entered one of these. 
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and passed into a ca? era. Here the water appeared, nishkig with' 
great force, beneath the rock, towards the basnn on the outside. It 
was the coldest spring we had found iti the country; the mercury 
in the thermometer fallings in iwa ni:nute% to thirty-four, according 
to the scale of Fahrenheit. When placed in the reservoir immedi- 
ately above the fall, where the v.a!er was more exposed to the 
atmosphere, its temperature was tliree d( grees higher. The wliole 
rock about the source is covered with moss. Close to the bason 
grew hazel and plane trees ; above were oaks and pines ; all l>eyond 
was a naked and fearful precipice. 

[Clarke s Travels^ Part II. Sect. 1.] 

2. Source of the ClUumnus. 

From Pliitt to Romanus. 

Have you ever seen the source of the river Clitumnus * ? as I 
never heard you mention it, I imagine not ; let me therefore advise 
you to do so immediately. It is but lately indeed I had that plea- 
sure, and I condemn myself for not having seen it sooner. At the 
foot of a little hill covered with venerable and shady cypress trees, 
a spring issues out, which gushing in ditferent and unequal streams 
ibnns itself, after several windings, into a spacious bason, so ex- 
tremely clear that you may see the pebbles and tlie little pieces of 
money which are thrown into it t> <is they he at the boitoni. From 
thence it is carried off not so much by the declivity of the ground, 
as by its own strength and fulness. It is navigable almost as soon 

* Now caUed Clitumoo : it rises a little belovr the village of Campello in 
Ombria. The inhabitants near this river still retain a notion that its waters are 
attended'with a supernatural property, imagining it makes the cattle white that 
-drink of it : a qoality for which it is likewise celebrated by many of the 
Latin poets. See Addison's Travels. 

f The heads of considerable rivers, hot springs, large bodies of standing 
water, &c. were esteemed holy among the Romans, and cultivated with reli- 
gious ceremonies. *' Mngoorum fluminiim," says Seneca, ** Capita reverc- 
rour ; subita et ex abdito vasti amnis eruptio aeras habet : coiuntnr aqiiarum 
calentium fontes ; et stagna qusedam, vel opacitas, vel immcnsa altitudo sacra* 
vit." Kp. 41. It was customary to throw little pieces of money into those 
fountains, lakes, &c. which had the reputation of being sacred, as a mark of 
veneration for those places, and to render the presiding deities propitious. 
Suetonius mentions this practice in the annual vows which he says the Roman 
people made for the health of Augustus. 
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mtiUm^fVltftd itoMUK».npd wide eMUgh to admit &tVcepaau(e 
fat mwla to pua by aadi otber; u lh«jr tail with er ngainst the 
trw ■ Tl|e current niiv ■<> itroay. though tbe ground is level, 
iktt tlw Urge barge* which go down th? river have do dccsuod to 
niklM we of their osn ; whi^ tboie wliicli HKcod fiBd it diSicuit to 
advance. e\ta willi ilie x^islaDce of oars anti ^ki ; ami this vicis> 
simde of ]»buur dnil ea&e is eKciedingly aniusiog wlien one suils up 
«ud (town merely for pleasure. Tbe banks on each tide are ahiided 
vitb the verdure of great numbers of asb and poplar trees, as clearly 
and distinctly seen in the stream, as if they were actually sunk in it. 
Tbe nater is cold as suow, and as white too. Neur it stands an UH' 
cient and veneraliic temple, wherein is placed ibe river-god Cli< 
tumnus, clotbed in e robe, whose ioimediaie presence the prupbelic 
oracles lieie delivered sufficiently leslifiy. Several little cbupels are 
•cBltered round, dedicated to particular gods, distinguished by ditV 
ftrrent uanies. and some of lliem too presiding over difiereut fouii. 
tains. For, besides the principal one, which is as it were ibe parent 
of all the rest, there are several other lesser streams, which, taking 
their rise from various sonrces, lose ihenHelvei in the river : over 
which a bridge it built, that separates the sacred part fntm that 
nbicb lies open lu common use. Vessels are allowed to come above 
tbis bridge, but no person is [lermitted to swin) escept below it •.' 
The Hispalletes ti to whom Augustus gave tbis place, furnish a pub> 
lie bath, and likewise entertain all strangers at llieir own expense. 
Several villas, attracted by tbe beauty of this river, arc situated upon 
its borders. In short, every object that presents itself will aftbrd 
you eoterlabmeDl. You may also amote yonnelf with numberless 
inscriptions, that are fixed npon tbe jnllars and walls by diffi^rent 
arsons, celebrating the virioesof tbe fountain, and Ibe divinity that 
paesides over iL There are many of tbem you will greatly admire, 
as tbere are some that will make you laugh ; but I must correct my- 
•elf when f say so ; yoa are too taumane, I know, to laiigfa upon 
lucl) nil occuvon. Farewell. 

[Melmolh's Trantlation.} 



• Tbe toKh of • aafced boiy wu tb«a|lit *o pollalc tUse ca<stcQ(<4 
^len, as mppear* fro«m | M >i g e in TtolUu, I. 14. an. c gg, 
t InhaUtaal* ef a town i> Oabiia, BOW called Sfelto. 



The Lake Vadimofh 

Plint to Gai.ld8. 
Those works of art or nature, wliich are usually the motives of 
our travels, are often overlooked and neglected, if they happen to 
lie within our reach ; whether it be that we arc naturally less inqui* 
sitive coDceming those tilings which are near us, while our curiosity 
is excited by remote objects; or because the easiness of gratifying 
a desire is always sure to damp it ; or, perhaps, that we defer, from 
time to time, viewing what we know we have an opportunity of see- 
ing whenever we please. ' Be the reason what it may, it U certaio 
there are several rarities in and near Rome, which we not only have 
never seen, but have never so much as heard of; aud yet, if they 
had been the production of Greece, or Egypt, or Asia, or any other 
country which we admire as fruitful in wonders, they would, long 
since, Jiave been the subjects both of our reading, conversation, am) 
inspection. Fur myself, at least, I confess I have lately been enter* 
tained with a sight of one of these our indigenous singularities, Xq 
which I was an entire strangier before. My wife's grandfather de« 
sired I wcmld look upon his estate near Ameria \ As I was walk* 
iug over his grounds, [ was shown a lake that lies below them, calle^ 
Vadimon f, wliicii I was informed had several very ejstraordinary 
qualities attending it. This raised my curiosity to take a nearer 
view. Its form is exactly circular ; there is not the least obliquity 
or winding ; but all is regular and even, as if it had been hollowed 
and cut out by the baud of art. The water is of a clear sky blue, 
though with somewhat of a greenish cast ; it seems, by its taste and 
smell, impregnated with sulphur, and is deemed of great efficacy ia 
all fractures of the limbs, which it is supposed to consolidate. Not* 
withsitanding it is but of a moderate extent, yet the winds have a 
great effect upon it, frequently throwing it into violent commotions. 
No vessels are suffered to sail here, as its waters are held sacred t> 
but several floating islands § swim about in it, covered with reeds 






* Nowr caUed Amelia, an episcopal city io Oinbria. 

-h Now called La;;o di Bobsanello. 

J See note p. 53. 

^ The credit of ihis account does not rest entirely upon our author: Pliny 
the cUler mentions these floating islands, (1. 2. 95.) and so does Seneca, who 
arconnts for them upon philosophical principles. (Q. N. 1. 3, S5.) Vareniussays, 
that iu Hoodurasp a province io America, there is a lake in which are several 
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and ruifaei, together w)t|i etiwr pltBti, wliich the DeighboDring 
nursli and the borders of ihe lake produce. These ii^lands differ iti 
tbeir size and sliapc ; but the edges of nil of liieni are ivorii auay 
bj (heir frequent collision ajjaiiisl the shore un<l each other. They 
have all uf tberii the same height and luotiun, aoil iheir respective 
rouls, which are formed like the keel of a boat, may be seen hang- 
ing down in the water, on which ever lide you stand. Sometimes 
they move in a cluster, and seem to fnroi one entiri- Utile coniiotml ; 
sometimes they are dispersed into diifetent quarlers by the winds; 
at other times, when it is calm, they fluat up and down eepantely. 
You may frequently see one of the larger islands sailing along with 
a lesser joined to it, like a ship wilh its lung boat : or, perhaps, 
seeming to strive which shall out-swim the other: then agiiin tliey 
all aajcmble in one station, and afterwards joining themselves to the 
shore, sometimes on one side, aud sonicliines on the other, cause . 
the luke to appear considerably less, till at last iiniling in tlie centre, 
they restore it to irs usual size. The alieep which graze upon the 
borders of this lake, frequently go upon these islands lo feed, with- 
out perceiving that they have left the shore, till they arc alanneil by 
finding tliemaelves surrounded with water ; and in the same maimer, 
when ihe wind drives them back again, Iliey return, without being 
sensible that they are lauded. This lake empties itself into a river, 
which, after running a little way, sinks under ground ; and if any 
thing is thrown in, bringa it up again where the stream emerijea. I 
have given you this account, because I imagined it would not be 
less new, nor less agreeable to you than it was lo me; as 1 know 
yuu take the same pleasure as myself, in contemplating the works 
ot nature. Farewell. 

SeuB and the Inurine Lake, ^ 

I BBTURNBD in the tnoruing to the coait of Bauli, where some 
ruins are shown as the tomb of Agrippina (lie younger, murdered 
nekr this place by order of her son. It is true that her slaves burnt 



lililr billt plaoted with tliralM, &c. toned ap aad dowo by the wind). And he 
qunlM Bnelhioi, thr Scoli liittorian, who affirm*, Ibttt, in a iwge Lock, callrd 
Lomond l,arh, in Scotland, there ti a floating island, npon wUch cattle gmxr. 
Sk Varm. Gng, Vol. I. p. 419. 
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Iter body mill depimted the ashes on the road to Baiili ; but these 
ruins bear a greater resemblance to a theatre, or hanging garden, than 
to a sepulchre. The place of her interment is not to be ascertained, 
for ihe sea must now cover a large pen ion of land which formerly 
contained spacious gardens, trsli ponds, and buildings : Hortensius, 
the contemporary and rival of Cicf ro, possessed a villa on this shore, 
for which the present confined spot conid not })i)ssibly afford suffi- 
cient spdce. We next entereda hay, where the placid waters re* 
^ct the mutilated remnants of Baiac, that center of pleasures^ 
tliat elegant resort of the gay masters of the world. The. hot 
springs and medicinal vapours that abound in its environs must 
very early have excited the attention of valetudinarians, as 
bathing was the constant solace of the Greeks while in health, 
and their remedy when diseased; but Baiae does ntt seem to 
have attained a degree of celebrity superior to that of other baths, 
till the Roman commonwealth began to be in the wane. As soon 
as the plunder of a conquered world was transferred from works of 
public use and ornament to private luxury, the transcendent advan. 
tages which Baiae offered to Roman voluptuaries, flying from the 
capital in search of health and pleasure, were attended to with en- 
thusiasm : the variety of its natural baths, the softness of its climate, 
and the beauties of its landscape, captivated the minds of opulent 
nobles, whose passion for bathing knew no bounds : abundance of 
linen and disuse of ointments render the practice less necessary in 
modem life ; but the ancients performed no exercise, i-ni^aged in no 
study, without previous ablutions, which at Rome required an enor* 
mous expence in aqueducts, stoves, attendants : a place, therefore, 
where waters naturally heated to every degree of warmth bubbled 
spontaneously out of the ground, in the pleasantest of all situatious, 
was such a treasure as could not be overlooked. Baive was this place 
in the highest perfection ; its easy communiration with Ri>ine was 
also a point of great weight. Hither at first retired for a teni|>orary 
relaxation the mighty rulers of the empire, to string aiiew their nerves 
and revive their spirits, fatigued with bloody campaigns and civil 
contests. Their habitations were small and modest, but soon in- 
creasing luxury added palace to palace with such expedition and 
sumptuosity, that ground was wanting for the vast demand ; enter- 
prising architects, supported b^ infinite wealth, carried tluir founda- 
tions into the sea, and drove that element back from its ancient 
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mouiKt four niln io drainiftrenM, uid one tbonsand feet higfa, 
with s large rup in the middle.' ImmMdiately aRer the explosion) 
the wind rose furionslj, aild wafted Itic lighter particlea over (he 
country, burning and bluting all vegetation in it> progreu ; wher- 
ever tbeieislKt, impregnated with ptrison.Bdliered to the grsss, death 
became the immediate lot of all beut« that bronzed upon it. The 
terrors occasioned by this phi^nonienon llireateued the abaudonment 
of I he whole dislricl ; scarcely a family durst remain even within 
sight of this horrid heap, which bad overwhehned a lurge town, 
filled up a lake, and buried under It a very exifnsive tract of culti- 
Talcd lands. To encourage people to relum to this neighbourhood, 
Don p4^ro de Toledo, viceroy of Naples, built a villa, and fixed 
his resideoce at Puzzuoli ; his example, and lime, that soother of 
woe, overcame the general cod stern ation. When men are obliged 
to apply to daily labour for suslcnance, and their minds are of course 
exclusively occupied bj the idea of present necessities, the images 
of past disasters are easily obliterated, and, therefore, iu a few yestt 
Don Pedro saw tl)i« district repeopled. 

Part of Monte Naovo is cultivated ; hut the larger portion of its 
declivity is wildly overgrown with prlclily broom, and rank weeds 
that emit a very fcetid sulphureous smell. The cniler is shallow, 
' its inside clad «ith shrubs, and the little area at the bottom planted 
willi fig and mulberry trees ; a most striking t^pccimen of the amaz- 
ing nduitudea that lake place in ttiii extraordinary Country. I raw 
DO tracet of laVi or melted matter, and few ttoiies within. 

Near the foot of this monnlaiii the sublerreneous fires act with 
auch immediate power, that even the sand at the bottom of tbe tea 
11 heated to an intolerable degree. 

A long neck of land prevenli the waves from washing into a sedgy 
pool, the poor remnant of tbe Lucrine lake, once so renowned for (he 
abundance and flavour of its shell.fish, of which large beds lined 
tbe shallows, while a deep channel in the middle afforded riding and 
anchorage for vessels, and a passage into tbe inner bason of Aver- 
Dus ; a small canal now serves to discharge the superabundant 
waters. I suppose, that originally the Lucrine was only a manb 
overflowed by the sea, till Hercules gave it extent and depth, by 
rising a mound across, and damming out the salt water; thai after- 
wards Augustus fornwdtbe Julian port, by raising this wear to a suffi- 
cient level, aud thereby procuring depth of water for a navy to float 
"u- [Swinburne'i Trtuielt.} 
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5. The Late Avemue. 

A SHADY walk conducted me, between Monte Niiovo and a 
thicket of reeds, to the banks of Avemus. This lake is circular, 
and hemmed in by an amphitheatre of hills on every side, except 
the break by which I approach it ; distinctive marks of a volcanic 
crater. 

The landscape, though confined, is extremely pleasing ; the dark- 
blue surface of these unruffled waters, said to be three hundred and 
sixty feet deep, strongly reflects the tapering groves that cover Its 
sloping inclosure : shoals of wild fowl swim about, and kingsfishe^s 
shootalong under the banks ; a large octagon temple in ruins advances 
majestically to the brink ; its marble ornaments have long been re- 
moved, but its form and size still render it a noble object* It was, 
probably^ dedicated to the infernal gods, to whose worship these 
solemn scen^ were formerly consecrated. Black aged groves 
•tretched their boughs over the watery abyss, and with impenetra. 
ble foliage excluded almost every ray of wholesoipe light ; mephitic 
vapours from the hot bowels of the earth, being denied free passage 
to the upper atmosphere, floated along the surface in poisonous 
mists. These circumstances produced horrors fit for such gloomy 
deities: a colony of Cimmerians, as well suited to the rites as the 
•place itself, cut dwellings in the bosom of the surrounding hills, and 
officiated as priests of Tartarus. Superstition, always delighting in 
dark ide&s, early and eagerly seized upon this spot, and hither she* 
' led her trembling votaries to celebrate her dismal orgies ; here she 
evoked the manes of departed heroes* here she offered sacrifices to 
the gods of hell, and attempted to dive into the secrets of futurity. 
Poets enlarged upon the popular theme, and painted its awful scenery 
with the strongest colours of their art. Homer brings Ulysses to 
Avemus, as to the mouth of the infernal abodes ; and in imitation 
of the Grecian bard, Virgil conducts his hero to the same ground* 
The holiness of these shades remained unirapeached for many ages : 
Hannibal marched his army to ofier incense at this altar; but^ I 
believe, be was led to this act of devotion rather by the hopes of 
surpriziHg the garrison of Puteoli, thau by his piety. 

After a long reign of undisturbed gloom and celebrity, a suHden 
glare of light was let-in upon Avemus : the horrors were dispelled, 
and with them vanished the sancity of the lake ; the axe of Agrippa 
brought its forest to the ground, disturbed its sleepy waters with 
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■hipSy and gaye room for all its raaligiuMit eflkiTia to escape. The 
virulence of these eihalattons b described by ancient authors as very 
citraordinary ; modern writers, who know tlie place in a cleared 
itale only, charge these aocoiults with exaggeration; but I think 
them entitled to more respect* for even now the air is feverish and 
dangerous, as the jaandioed faces of the vinedressers^ who have 
aocceeded tlie Sibyls and the Cimmerians in the possession of the 
timple, most raefull^ testify* 

Boccaccio relates, thtt^ diifiag his residence at the Neapolitaa 
«#ort, the surface of this lake wis suddenly covered with dead fish^ 
kiack and singed^ as if kiikd by saase $uhiqueoui eruption of fire. 
At present it abounds with ttaeh ; the Itttrine with eels. The 
change of rortuoe in these lakes is siDgnlar ! In the splendid days of 
imperial Rome» the Lttcrine was the ehosen spot for. the bVilliant 
fufties of pleasure of a voluptuouacoiirt ; they are described by Se- 
Been as the highest refineoMnl of extiUvagpUce and luxury; now, a 
aKmy bed of rtti»hes covers the soatteitd rpool% of this once-beauttful 
abeet of water, and the dusky A versus is «0w clear and serene, «f> 
'lerkig a moslaUuringaMirfaoa audahurasiiig ioeae for similar amuses 
Meotik 

Opposite the tenpla I eiltand a cave usually sfyled the Sibyls 
Grotto I it seems nsofe likely lo have been the mouth of a commit 
nicatkm betweca Cunia and Avemus, than the abode ofa prophe- 
tess; especially as the Sibyl is positively said by lustorians to have 
^ dwelt lu a oavem under the Cuniean citadel* A most acute a|id 
indefatigable unfaveller of antiquarian clews thinks it was part of 
the canal t4iiit Nero childislily projected from the mouth c(( the Ti- 
ber to the Julian port; a scheme that was crnsbed in its infancy. 

On everv hill, in every vale of the environs, appear the ruins of 
extensive villas, once embellished with all the elegancies of combmed 
art, now traced only by half*buried mouldering walls, and some 
luarbie fragments, left as it were to vouch for the taste and costli- 
ness with wl/icb they were constructed. In the last period of the 
commonwealth^ and during the gaudy sera of the Csesars, almost 
every 4)erson of exalted rank had a house in this country, whieb the 
sagacious antiquaries of Fuszuoli point out to you, without doubt 
or hesitation. One ruin among tlie rest has a superior claim to our 
attention, and, in a great measure, pleads our excuse for yielding 
such ei.s> belief to the suspicious authority that stamps it uith a 
name: here, we are told, Cisero had his Academy, where be penned 
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dome of his most adminble prodactioos r it is at l^ast a pleasing 
illusion to fancy that we are treading ground on which that great 
man took his solitary walks, aud mus^d on the falling fortunes of 
Rome, or the most subrime points of morals and metaphysics *• 

After many hours spent in a manner most satisfactory to my cu- 
riosity, I closed the agreeable tour of the day with a moonlight 
walk to Puzzuoli. The air was mildly agitated by the wind from 
the land, which after sunset always succeeds the sea-breeze $ the 
waves dashed gently against the ruined edifices that impede their 
progress f ; the reflection of the moon, and some vessels under sail, 
enlivened the marine prospect, and from the gardens of the vale 
were wafted the most delicious perfumes. 

6. The Lahc Fucinus, now named Celano* 

As soon as the weather would permit, we visited the lake of Cehmo. 
»o called by the moderns from a town near its north shore, the head 
of the earldom that comprehended at one time the greatest part of 
the country of the Marsi. This was the ancient name of the peo^ 
pie that inhabited the environs of the lake, allowed by the Romans 
to be the most intrepid soldiers of their legions, when in friend^- 
•hip, and the most formidable of their enemies when at variance. 
It was a common saying, that Rome could neither triumph over the 
Marsi, nor without them. In the 662d year of Rome, they put 
.themselves at the head of the social war, one of the most obstinate 
and dangerous oppositions ever made to. the progress of the Komaa 
power: it was terminated by a grant of those privileges for which 
they contended. Their name still subsists in tliat of the diocese, 
for the prelate is styled bishop of the Marsi. 

In ancient times, the lake was called Fucinus, and was under the 



* From Pliny^s topograpliy it Is probable that it stood on a spot corercd by 
the eruption of 1538. 

•f* These baildings, which for so many ajre^ have withstood the daily assaults 
of a boisterous element, owe their durability to the cement with which their 
parts are unfted ; the principal fngredicnt is a fine volcanical sand, called 
Ptictolana; that act^aires strength and hardne!"; by lying iin<:er water % it con- 
sists of various mctanic, stony, and earthy particles, calcined and tviiuraiedin 
the central furnaces, and i& found both in the neighbourhood of Fuasuoli and 
in that of Itome, 



protection of a goil of llie same denoniiualion, whose temple stood 
OD its bitiilu. Accoriiin^ to the lestiiiioiiy of uiicieiit aulliors, it <ma 
subject lo extra urtiiLiHry risiiij^s and decrcasings. The actual cir* 
cumfi'ience u fort). seven miles ; the breadtli in the largest part, 
ten, in ilie nuriowest, four ; its deplli, twelve feet upnii an average. 
But all these have varied prod igioti sly. Two miles up the plaiii, 
bthind Avezzaao, tht fragments of l><iut», shells, and olher ntiirks 
of its aiicienl extent. Lave been cdsually discovered ; and, oo tbe 
contrtiry, there are people who remember when it did nut flow 
nearer than within two miks of Aveisiiiio. An immense tract of 
excellent land is lust at cicry increase of its level, and if any means 
could be deviled for ilrainin; it, or at least reducing its size, Uie 
value of the ;jroiind recovered for cultivation would be more than 
an ''(luivalent for any expense incurred in the works. 

All round <liis noble piece of water rises a circle of grand mouo. 
tains, some of iheni thv highest in Italy, if we except tbe Alps. The 
Rocca Ji Cuinbio is accounted tbe most elevated among them; la 
■umtner lias count<'\ must be a delightful place of abode, for the 
environ, of the lake are well inclosed, and the sides nf the lulli 
covered with fine woods; its waters abound with tisb of varioHf 
kinds, and thitbi r repair, at slated seasons, innumerable flights of 
wild fnwl. The necessaries of life are good, plentiful, and cheap: 
scarcely a town but i^ celebrated fur the excellence of some, parti* 
cular speciei; of food. 

We rode along the edge of t^c lake, which was exceuivel^ 
agitated b; tbe bi(^ wind, and resembled a dark stormy sea; at 
ibe dbtance of a mile and a half from tbe town we came to tbe 
mouth of the emisiarr or opening made by the order of Claudius 
Ceesar for the discharge of the waters into the Liris *, which rniis 

• Dio nyi, (he emperor intrndrd. W coDrrj' llie walcn Into the Tjberi 
which could only br by mesni of Ihr Sallo, the Vellos, and (he Nera, throogfa 
■11 which tkejr mart have pa»rd l>f fore thej fell ialo the Tiber, Dolen be 
meant to carry (hem aponarchri over the Liris, and lhrou(h a double chain of 
hilb (o the Mrarf e of (he Teverone. Tbe Sallo ii too far off, and, I imagine, 
upon much too hl^ a tevrU 

Claferrut asieru, Ibat nobody now knowi where (be emissary wai ; and 't-n' 
tbe works ibewn far it are no more Ihsn (he iritiKei of a unall canal, where 
(he river PHonlm rolEred'the boweUof (he moautalni, out of which it did 
not emtrgeUll it reached Ibe valley of Sablaco, where the aqurdacta befaa 
that coo*e7ed it to Rone, bj tbe aaae of the Aqua Hartia. Plia; tells a 
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dboaked up* and li^ at the foot of the hill» mqch below Ibe present 
level of the water ; in a line from it up the slqie are six perpendi- 
cular welts, and 'two oblique i^rooves to the canal, which waa driven 
through the hill into Ihe opposite valley, and there had a vent at 
.Capiftreili* two miles from tlie lake. The water is isaid to ilow ai 
<^f as the centre of the hill, and to be there twenty feet deep, but 
j]>eing obstructed by earth iallep in, or want of leyel, proceeds op 
further. Oblique collateral galleries were also contrived for the 
j>urpose of clearing the channel of nibbish, as the workmen 
advanced. As the swelling of the l^ke was attended with ificredfMe 
^magCy the Maryi bad often petitioned the senate to drain it; 
Julius Caesar would liave attempted jt, had he lived longer. His 
successors were averse to the project, till Claudius, who delighted 
jn expensive, diiBcult enteqKiaes, undertook it. During the ypaqe 
of eleven yean he employed thirty thousand an^n in digging m 
passage through the ynountain, and when every thing was ready for 
^letting off the water^ exhibited a superb naval spectacle on the 
lake. 

A great number of condemned criminals were obliged to act Ibn 
'parts of Rliodians and Sicilians in separate fleets, to engage in 
earnest, and to destroy one another for the entertainment of the 
court, and tlie multitude of spectators that covered the hills ; a line 
of well-arnied vessels and rafts loaded with soldiers surrounded the 
aoene of action, in order to prevent any of the wretches from 
escaping ; but it was with great difficulty and many tlireats that they 
could be brought to an engagement. When this sa^^age diverskn 

wonderful story of this riTrr's rising in the distant monotains of the P^ljfBi, 
•nd tiaverfia(;'tbe(F|icioe l^ke, without mixing its waters with it. Thoie#f 
(he lalLe are themselves limpid and wholesome, .and if they ]w^ie to be con- 
feyed to Rome in pipes, would certainly be as pure and good as any spring* 
water whatever. As the Jong term of eleven years, with an enormous multi- 
tude of hands, was employed in this excavation, it may perhaps have been 
carried as far as the beginning of the aqueducts in the vale of the Teverone, 
where the ruins are still to be seen, though at least twelve miles in a straight 
line from the lake. Frontinus pneotioos his having discovered the real source 
of the Aqua Marfia, between Carseoli and Subiaco, thirty-six miles from Rome % 
near Rio Freddo in the Roman state are several wells, or air-holes, thai were 
contrived for the use of the subterraneous condait, by which its vraters were 
there conveyed through a mooiitain* 

VOL. III. Jf 
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WW tndedy tlie operatkMis fcr optefag the emissary commeiice^ 
ted the emp^r was very near bemg swiept awaj and drowned by 
f he sudden rushing of the waters towards this vent. However 
either through the ignonmee or negligence of the engineers, the 
work did not answer as was expected, and Claudius did not live long 
enough to have the faults amended: Nero abandoned the scheme 
through envy, Hadrian is said lo have let off the waters of the 
iWmus, but none now escape except through hidden channels 
Ibnned by nature/ which are probably subject to be obstructed, 
and thus oecasion m superabundance -of water in the lake, till some 
mknoaw eiinse removes the obstructions, and again gives free 
passage. As three considerable stresAns Ml mto the lake, the least 
obstacle to a discharge must raise the level. 

Z» Rivera Anio^ and lAgtmihln ; ike ceMraied Cascade of th€ 
f$rmer9 and ihe fwrramnding Scenery. 

Thb gettenH tetores of this inleKsting .and ctosncal tract of 

country, are so elegantly delineateid in the following letter, written 

•an the qpot, that we shall make no apohigy>ftt mserting it, though 

m a fcw places it may be thought, pierhaps;dightiy to digness* froip 

'the hnaMdiate tel)gpct before us. . 

R&mep Ma^ IS, 1795. 

I have been detained (as yon wilf perceive by the date of this 
letter) much iongerthan I expected on my excursion to the Villa of 
Horace. This was chiefly owing to the weather, which was by no 
means Italian — But the number of pleasing scenes, and interesting 
objects^ that occur at every step of this little tour, to one who is 
fond of either cksncal antiquities, natural history, or landscape, 
infinitely overpaid me for this trifling mortification. 

The road lies through Tivoli, which is at the distance of about 
eighteen miles from Rome : a place of which Horace speaks so 
often and so aflvctionately under the name ef Tibur* 

May Tybor, founded by f be Arglve Chief, 

Be my retreat In age ; there may I rest 

Ac Ia#t) oVnpent with trav^ and with war. 

' Ode 4. Book 3v 
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But in order to take inalters* regularly^ I nost first stop ]fiMi 
short of Tivoii about two or three miles, where the road is crossed 
by a sulphureous stream, io smell and taste very much resembling 
that of Harrowgate. It flows with great rapidity between two steep 
banks, that have not long since been made to carry it oflf. Here 
' my poor dog Turque (with whose face ^ou are acquainted by Mr. 
Tischbein*s etching of it) had nearly fallen a sacrifice to my curi* 
osity, or as you may perhaps call it my levity. Being desirous to 
see how he would like bathing in a stream of such mauvaise oJeur, 
I threw a stone in, that he might dive for it* But he had no sooner 
plunged, than the violence of the torrent carried him above a hun- 
dred yards down, before we eould overtake him, so as to give him 
any assistance ; and even then, the banks were so exceedingly steep, 
that it was not without dlfficuly we succeeded in our efforts to get 
him out. 

Upon tracing this stream about a mile upwards^ we found its 
source \ in the little lake, from thence called Lago di Solfatara di 
Tivoii, which is further remarkable for the phenomena of certain 
little floating islands, some of which were fortunately driving about 
in the wind at the time we arrived^ and others at anchor in the bays 
and harbours of this small lake. Our guide informed us they would 
bear Christians, who very frequently get upon .them and push 
themselves about with a loug pole for the amusement of strangers. 

There are remains of some ancient baths, which are known to 
have been frequented by Augustus ; and Galen mentions them as 
being good for rheumatisms and cutaneous disorders, but at pre- 
sent they are totally abandoned. 

It is extraordinary that these springs not only supply water for 
bathing, but literally the maierials ^Iso for building &atht. 

It appears that they formerly overflowed (as indeed they would 
do at present, if not carried off by the channel abovementioned) a 
large tract of land, and by their successive depositions of the caL 
careous particles that abound in them, have, in a series of ages, 
formed immense quarries of an excellent stone for building, which 
if called Travertino. 

This was in great use among the Romans, as appears from many 
of the ruins which remain to this day, and particularly from the 
Colosseum^ or great Amphitheatre of Vespasian, 6f which I gave 
you an account in a former letter. I visited a quarry now i\orking 
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to Mppiy mtends for the new pldaoe building by th< pope's ne^^ 
pbew, the Duke Bmehi» and wet much pleased wilh the ocuUur 
demonstration of the gradual formation of the stone in the manner 
already mentioned. 

Near the phiee where this stream crosses the road» there is a 
great quantity of a wild flowering shrub (of which I have forgotten 
the name) but in Judea it attams to the height of a tree ; and it 
is said to have been upon one of this qpedes that Judas hanged 
himself, v 

▲boot a mile on Ae other side ot the road» lie the ruins of the 
anormoos jnlla of Adrian ; which is said to have beeu seven miles 
in dreomference. The grand scale, of the fragments that still re« 
asam, and their distance from each other, make this account ex« 
ttemely probaUe. 

The soldier's quarter is one of the most entire, and might still 
ierve as barracks for a vast number of men. There are remains of 
two theatres m afreat degree perfect, besides another adapted for 
ihe fq>resentalioB of uavnl combats | the water for which was am- 
|ily supplied bj aquadttcts from the oe^hbouring mountains. Them 
•re also traces of. a most spaciooa Hippodrome, and very extensive 
baths; in one or two of whiclib the very elegant stucco is still 
IMBrfect. 

The number of statutes that have been dug up here is almost 
ineredibie. There is hardly a grand collection in Rome, which has 
not obtained from it some of iu principal ornaments. It seems as 
if Adraia had collected here the choicest works of art, in every 
fcind,[and of every country ; or at least caused imitations to be made 
of them, when he could not get the originals. 

This is clearly the case with respect to Egyptian antiquities ; as 
there b in the mnseum of tlie capitol a whole room allotted to 
atatues, made 19 imitation of the Egyptian, that were dug up m 
the villa of Adrian. 

Thn soil is still fruitful of statues, to those wlio will be at the 
panis and expence of digging for them ; and it is not long smce that 
Mr. Hamilton, an English artist, who has long been settled here, 
found a statne of Antioous, which was valued at two thousand 
pounds, but sold I believe for something less to his holiness, who 
intends it as a present to his nephew. The situation of the villa is 
npoo a gentle eminence that commands a distant view of Rome, and 
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a iFery grand and pleatibg mi(» ef Hie iMMNNHdit j» «Mh<«id6of 

Tivoli. ' < 

Tbe ground is agreeably varied, and tlie soH seems vefy jhtonr^ 
able for trees. The air, though surrounded by the conipagmi di 
Roma, 18 said to be perfectly healthy. 

Returning into the high road from Rome to Tivoli» where it 
crosses the river by thePonte Lucana, we find the ancient tombof the 
Plautian family; which is a large round tour built of great blocks 
of Travertino. The cornice that runs round the top> is ornamented 
with bulls* heads, interlaced with festoons of flowers. There are 
also some remains of colunms, dec, in which respect only, (with tbe 
exception of being something smaller,) it differs from the tomb of 
Cecilia Me'tella near Rome. 

There is reason to suppose that the battlements were added by 
the Goths, who converted it into a fortress. ' 

Soon after, we began ta mount the side of what Horace calls 
tbe ' supine Tibur,' through a beautiful wood of olives, in whicli 
we found a quarry of flowering alabaster. 

We were here diverted with a lad, who, according to tbe cnstoni 
of the country, was driving a horse, rather heavily hideiH witii 
stones instead of a whip. This enabled him to keep af a very re« 
spectful distance from tbe tail of a horse, who, if ever he halted^ of 
turned out of the way, was sure of a stone's falling upon his rumj^ 
so^xactly in the same place, that his conductor must have prae« 
tised long to acquire so much dexterity. 

The town of Tivoli is wretched, dirty, and uninteresting in itself, 
but the situation, of it is so enchanting that I am almost incKoed 
to join Horace in the preference which he gave it to all the plaeea 
be had seen. 

After the lapse of so many ages, the characteristic beauties of 
Tivoli continue so exactly the same> that it is impossible to give yon 
mfew words a general idea of them, better than by a literal trans- 
lation of tlic poet's own words, Ode 6. B. I. — " The patient 
Lacedsemon, and the fields of rich Larissa, delight me less than the 
house of the resounding Albunea, the headlong Anio, the grove of 
Tibur, and orchards moist with streams, that change their course at 
pleasure.** 

The honse of the resonndmg Albunea is the chief Ornament of 
Tivoli, and one of the most beautiful remains of antiquity. 

73 
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' tt ii a nMll louod i«nii^« of which the inner part is mclosed by 
a high wa1l» that fyk conjunction with the external colonade) sup- 
ports the roof of' the temple. The columns are of an order re- 
sembling the Connthian, and of exquisite beauty and workmanship: 
and the whole is so happilj . proportioned! as to give it au air of 
grandear* which certainly does not result from its size. It is seated 
OR the edge of a steep rock» full in the spray of tiie * headlong 
Anio/ This is the grand cascade, at the foot of which, the water, 
in a succession of ages, has hollowed grottoes of various shapes and 
siiesy that baflk every descriptioii but that of the pencil, to which 
they are most happSy adapted. 

The grotto of Neptune is the most celebrated ; and is indeed 
uncommonly picturesque. Upon, or rather in the rock which fronts 
the opening <rf this grotto^ are smne remains, imagmed by many peo» 
pie to be those of the honse of Manllus Voplscus, which Statins has 
described in a poem of more than a hundred lines. I have little 
doubt however that they are mistaken, from the description itself 
which speaks of more buildiogs than it froold have been possible to 
place in a ma« cbaam, or (to use a word common in the north of 
England) gitl^ between lofty and perp^idicular rocks. Be. 
sides, if here, it would have been full in the noise and even spray 
of the grand cascade; which Statins speaks of it as a place * where 
Anio, though rocky both above and below it, lays aside his swell- 
ing rage and foaming murmurs, from a fear of disturbing the in* 
spired slumbers of Vopiscus, who was himself a poet.' 

But whether situated here, or as I fully believe, where the ruins 
called Poote Lupo are still visible, it most have been altogether an 
iiM^fatf, being built in two parts or pavilions, having each a centre 
and wings, on the opposite sides of the river : these were most 
probably connected with each other by the very bridge I have men- 
tioned, while a tree growing in the middle was preserved with so 
much care, that its branches were allowed to spread through the 
columns and even the roo6i of the building. 

The air of Tivoli appears to have been very friendly to poetry ; 
as many of the poets are known to have had country houses here. 
That of Catullus in particular is pointed out. But it is not impro- 
bable, that the circumstance of Maecenas having a country house 
here, might have a greater share in this inspuration than all the na, 
tural beauties of the pfaice. 



rit.ii ifMdNlj diroiigii the rniiis of the pahM of Mccmm* tint 
tliere stiU flows ooe of the moveable rivulets, of which Horaoe has 
SfH^eafed to speak with so much pleasure. These streams are all of 
them diverted from the Anio (now the Teverone) and after water- 
lag the gardens, and turning the mills of the town, fall into the na- 
tural bed of the river, in the most varied and beautiful cascades ; 
which, to distingubh them from the grand fall, are called by the 
Italian diminutive CascateUe. 

The Grove of Tibur consists principally of olives, the most pic* 
tnresque trees of the kmd I have seen ; and from the openings be- 
tween them, you catch many fine points of view ; particularly one, 
where you see the higli rock <m which the town stands, silvered 
with its numerous cascades; and betwixt this and the olive woods 
that shelve down to the river, the distance is filled up with the ex- 
UtnX of the Campagna di Roma, intersected with ths public road, 
and termmated by the dome of St. Peter's. Another is from a small 
grotto, immediately overhanging the Teverone, from which you see 
the largest of the cascatelle falling in two Mireams upon the huge 
moss-grown rocks below, where it meets the main body of the river, 
which tumbles, in broken falls, through the contracted valley in^ 
front, 

. In returning to Tivoli by another route, nearly parallel to the 
ODurse of the river, through the lower part of * the forest of Ti- 
barmis,* we find some ruins, commonly called those of the house of 
Qointilhis Varus. 

There is a delightful view from hence through the wood to the 
scite of Catullus's villa, which was certainly a/, though he would not 
allow it to be upon, the foot of the first Sabine mouutaln^ on account 
of the contempt hi which Sabine rusticity appears from the follow- 
ing lines, to have been holdeu by the fashionables of his day, who 
frequented Tibur : 

My Sabine or.Tibartine farm 
Which thev who would Catullus charm, 
Tiburtint call ; bal they who bate, 
Will Salrine prove a any rate. 

Catull. in fund. ▼. 055. 

Here too the larger cascatelle are just 'seen through the openings of 
the trees, while the three smaller ones rush murmuring through the 
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lWlll«rfiMv9laof BfMenM, dinM< tbr wik>dy sbep whidi Ai#M 
4Mf o^NlBile bank of tbe river, and pivieiit the puinter with one of tbe 
tUtnA iriefUreiqae objects inrngiMiblc, the fore^imd to wbieh vanB# 
iMiMMIilly witb eveiy step he takes. 

Bur I must now quit Tivoliy which I believe no lover of hmdscapo 
c^r did without regret, and haMe» to the main object of my ex* 
^torsion, the villa of Horace. 

The villa of Horace was situated abont fiftrai miles fvon Tibuf, 
'and abont Ibur iirom the aaomt Via Yalcria. So kte as the ^rear 
1707» a Freuchntan of the nane of Chnupjehiimed' the honour of 
liivihg dinoterid k, though the tet is^^ that the greater part of 
A^ ailcifeni geographers had placed it where he does, in the valley 
4ilt licemei^ Tht Abb6 Doniinioo> do Sanctis, who has exposed the 
nbsunfity of Chanpy*s pratcnsioni^ has written' a book upon the 
aame snfijectywhioh is certainly in* oaa rdspeot bcttet thftn his— *it is- 
slioitei' ; hii» pvoofii too are dni#a ftoai the kest of ailthorities— the 
iroKh of Ilorice himself. 

Ha set s^ ool with shewiagi Aat! Horaea had biit one villa, aad 
tilat hi Ae part of Sabfaia iat fitr ftaaa TWoHi from the eirconH 
itan6d that though Home* U parpdtnally speaking of diftreat piacaa 
of summer resort whi<:h he frequented, as TtuenUimi Tivoli» Btami^ 
iPhtoest^ d^ ha never asaatiouft^ his bdviig flMy properiy in any 
dtBer j^ace, and^ys expresriy, B. ft Ode 18. «' I neither ask the 
gods ibr^more, nor solicit my powerful Ariend for greater ftvonvB, 
being fully content with my Sabine farm alone." And again, Od% 

Why tboold I dnnge my Sabine vale 
For richei more opprcKive ? 

And to Mscenas, Ode 1, B. 5, be says, 

Enough nnd more thy bounty hath enricVd me. ^ 

But nothing, as the Abb6 observes, contributes so much towards 
finding out the exact part of the Sabine territory in which it was 
situated, as to ascertain the places near to which it lay; and 
Horace has mentioned three 4 tbe ancient temple of Vacuna, Varia, 
andMandehk 



Bi L diat Ills ▼iltope Msed lo 8eud*five beads of Ikoiilies to tfansadi; 
proyiodal business) preserves apparently its oauie even ui>to thk 
€kij« Vicovaro in Itaiian signif^^ing (he town of Varus, to whoaiit 
is probab4e it belonged, and tlie more so as Varus bad a country ^e^it 
so near as Tivoli. 

Bardella^ as appears by an inscription dug up about the year 
WfGOg stands on Ibe scite of the antient Mandela *, Thift circuuH 
cuinstance^ together with the res^tnblaiicc in sound between the 
liames Digentia and Licenea, as pronounced by the natives, seeuis 
lo prove that this is the river of which Horace sptaks. B. 2. Sat*6« 
'' A^ often as the cool stream of Digentia refreshes me wlitch Man- 
dela dt^itks^ a town wrinkled with cold/*^<&c. Again, Horace ends 
bis epistle to Fuscus, B. 1. £. 10, saying, '* I write this to you fcoia 
befaiud the mouldering fane of Vacuna/' 

Now Vdrro asserts that the goddess Vacuna» worshipped by t1«e 
Sabines, meant Victory : and it appears by an inscription found 
about thirty years ago»* in digging about the ruins, commonly «up* 
posed by geograpliers to have been those of the temple of Vncuna, 
tbat the temple of Victory on that spot was rebuilt by the Linpevor 
Vespasian^ aboat a hundred years a^er the time of Horace, wka 
speaks of it as in ruins -f. 

Add %o this that it is within aneasy walk of the spot opon the 
borders of the Licensa, so marked out as the farm of Horace. 



* The Inscription (wtiich ii on marble, and wasi found in the anj^le, fon»ed 
1>y the confluence of the Licenzaand Taverone) runt literally tbos-^Val.Mazi«a 
Plater Domni prcdia Valeria dulcisgima Filia qu» visit annis xxzvi Men. \u 
1). zii. In prediis suis masse mandelane Sep. retonim Hercules Quesq n pace« 

As it is impossible even for a classical scholar unaccustomed to the initial con- 
tractioas aad changet of Utters frequent among the ancients, to make sense of 
tbis iBKTipttoD <wtiich Chnupy infers from its stile, the form of the letters, ani 
(he Christian phrase of quie.>cnnt in pace^ to have been written about tbe eiiA 
of tlw third oi the bei^inning of the fourth century). 1 here subjoin that which 
he argues with much itigenuity and plausibility, was intended to he the reading 
at full length, v\%, Valeria Maxima Doribus omnibus pra»dit<i, Valeria dulcls- 
«ima fiiia qua viot annos 36 menses 2. dies 12. in prediis suis (qiiffi voc.) 
llassaB Mandelane Sepulchrum rest.cuit et ornavit Valerius Maximus liercules. 
Whatever may be thought of tUc sense of the inscription, the vicinity of man- 
nELA is fortunately established by it beyond nil possible doubt. 

t The inscription is Imp. Casar Vispa>ianus Aug. Pontifex Maximus Trib, 
Potestatis Censor JMcm Victorife Vetustate diiapsam sua impensa rcstituit. 
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. If tli€te«Btiquariioptoofr were lM9alimig» the pboe itself wo 
bear no feeble tettiipioiiy to its baving been tbe teat of Hoiaoe, as 
tbere is not any one of the numerous descriptions he has left of it, 
to which it does not atx this day perfectly answer. Of these 1 was 
better enabled to judge by reading Horace upon the spot, and it 
will, probably, as you are so fond of reading him at home, be the 
pleasantest method I can take of describing the modem appearance 
of tbe plac^, to reier you to his own descriptions of it in its ancient 
state. 

In the l6th Epist. Book 1. he says to. bis ftiend Ouinctius, " Lest 
.you should ask whether my £inq feeds Its owner by tillage, or en. 
riches him with olives^ with orchards and pasture, or the elm clothed 
with vbes— I wiU describe to you at length tbe form and situation 
of it. 

'* It is surrounded by mountains uninterrupted except by a shady 
▼alley : of which the sun rwing beholds the ijgbt side, and warms 
tbe kft with his retreating car. What if it psoduces kindly cornels 
and wild plums^ while the oak and holas oak delight the cattle with 
their fruit, and their master with tbeur shade* You would say that 
Tbrentum itself was brought bitber with all its grotes. jTheie is a 
spring fit to give name to a river, cooler and purer than which He* 
brus not encircles Thrace.^ It flows useful in pams of the head and 
indigestions. These retreats^ pleasant, and even (if you will be- 
lieve me) delightful, keep me in liealth during the unwholesome 
hours of September.** 

Upon this t§xt I make no further comment than to observe, that 
all the trees here mentioned are found so plentifully as to appear 
the spontaneous growth of tbe country, though the difference of 
culture probably has introduced such a number of olives, walnuts, 
and chesuuts, that they would hardly have escaped the mention of 
so accurate a painter of nature as Horace, if they had existed so 
plentifully in his time. 

In every other respect the situation answers as perfectly as if the 
description had been just written ; and the circumstance of the vines 
being raised on elms, continues to this day, though at so small a 
distance as Tivoli, the custom b universally to prop them upon reed^, 
of which they make large plantations for that purpose. 

' The spring is not only " fit to give name to the stream that 
waters the valley of Licenza, but b sometimes so abundant as to oc* 
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c^tioD an overflow of the low girouiKl vihkh it encircles^ cenformablj 
to i^bat Horace says in reckoniog the occnpations of his bailiff, 
£p. I i. B. 1. " Tlie river^ afler a fall of rain> affords an additional 
employment for your idleness, to be taught at the expense of many 
a mound to spare the sunny meadow.** 

, The bailiff's complaint that « that corner of the land would bear 
pepper and frankincense sooner than the gra})e/* is thus far just, 
that the grapes do not succeed so kindly as the hardier fruit trees^ 
and still produce that rough kind of wine which Horace so frequently 
describes. 

This wai mt wish ; a farm not orer Utrgf, 

A garden, and amid the iieighbouring hills 

A fonntain, and o*er these a little wood — 

The Gods ha?e more and t>etter given me — 

'Tis well—" Book 9od. Sat. 0. 

• 

In an orchard, through which trickles the water from the neigh, 
bouring spring crowned with the incumbent woods of Lucretilis, 
is found a considerable fragment of mosaic pavement, which may, 
with the highest degree of probability, be deemed a relic of the 
house of Horace. 

The ground is well strewed with fragments of various marbles^ 
such as might be supposed to ornament the retreat Ckt' the elegant 
favourite of Maecenas; at the same time that no massy or magnifi* 
cent ruins remain to give the lie tO his professions of philosophic 
moderation. I have picked up some specimens which I hope to 
bring you home, and a bit oT glass, which appears much of the 
same .sort with that found amongst the ruins of Herculaneum. 

Adjoining the vineyard is a beautiful little chesnut grove, at the 
foot of which winds the river I must now beg leavje to call the 
Digentia. 

In this delightful spot, which through different openings of the 
trees presents almost every object worthy of note in the descriptions 
of Horace, relative to this place — you will readily believe I passed 
a few hours very agreeably, without any other eompany than that 
of Horace. 

I had taken up my lodging at the house of the arch-priest, who 
b a Portuguese ex .Jesuit, a very civil man and not ill-formed. I 
had the pleasure of finding in his library (which by the bye was the 
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ooly fpare bed-room be had to offer me, and betilreen tlie bookiK 
and the bed you might ut a chair« but not turn it) a set of Chaupy'a 
essays upon the antiquities of the place, which upon the 4ipot were 
interesting and particularly satisfactory, as they tended to confirm all 
the reasons above staled, concerning the identity of the spot. 

During my stay with the arch-priest, I made several pilgrimages 
to the most interesting spots in the neighbourhood, particularly to 
the ruins of the restond Temple of Vacuna, which are now only 
kDOWD to be such by the inscription before mentioned to have been 
dug up there. 

As Horace says nothing more of the temple than that it was in a 
ruinous state, and that he wrote behind it. I had little more to 
interest my imagination than to form to myself the landscape, such 
as it probably presented itself to him at the time of writing, and 
hope in some degree to communicate my idea of it to you by the 
help of a rough sketch which I made upon thespot. 

Upon this excursion I was unexpectedly attended by two lads of 
the village, whose curiosity appeared to be so strongly excited con- 
cerning me, that I could not find in my heart to send them away ) 
particularly as front their sprightly naivete 1 could scarcely help fan« 
eying them to be the lineal descendants of the vemas prococer (frolic 
hinds) whose salliies appear to have afforded pleasure even to tjie 
mind of Horace. Upon our return we were overtaken by a smart 
shower, wliich obliged us to take shelter in a hermitage near the 
chapel of Madonna delle Case. The hermit was (as usual) an 
ecclesiastic ; and upon my puttmg some questions to him respecting 
the salubrity of the situation, answered, we take '' reverendissima 
cura d^lla salute 7'*) (a most reverend care of our health :) This 
reminded me so forcibly of Falstaff's advice to the Lord Chief 
Justice, that I could nut refrain from a smile, which I fear he thought 
heretically sarcastic, as he immediateiy added, (crossing himself 
very devoutly) " cio^ prim^ della salute deiranima, k poi di quella 
del corpo," that is, ** first of the soul's iiealth, and afterwards that of 
the body." 

My visit to Fonte-bello, the source of the Digentia, tliat tumbles 
down a rocky gill of the mountain Lucretilis, pleased me exceed- 
ingly. I seemed to have found the original of the picture Horace 
has given us in the l3th Ode of Book 3, to the Fountain of 
Blaudusiae. 

A regard for the truth obliges me to confess, that it has been 



«cry plaiisibl^r cootonded by Cbanpy that thit Pons Blaadusue w^ 
not at the Sabine Fami> but in the neighbourhood of the birth* 
place of Horace. This is, however, not only contrary to the opi« 
aions of (I believe) all his commentators, but (in some degree) to 
the evidence of Horace himself. For he tells us that he did not 
commence poet till his paternal estate had been confiscated ; it is 
surely therefore less likely that he should write an ode and promise 
a sacrifice^ to a fountain in an estate that he had lost, than in one he 
had since acquired, and to whose situation he was so partial* 

Notwithstandmg what I have seen of Chaupy's works, I had ra- 
ther err with other geographers than think right with him : and 
thus ftir I acknowledge prejudice : but on the whole, the reasons I 
have given induce me to think that in following I do not err with the 
multitude. 

The whole of the Lucretilis is so pleasant, that Faunus (vid« 
Ode 17* B, I.) could have no great loss in changing Lycseus for it, 
being now covered, as thickly as it was in the time of Horace, with 
goats that wander in its groves, to crop the arbutus which abounda. 
there, with the same impunity. 

The epithet of ** the leaning Ustica** most happily distinguishes 
thu situation from Tivoli, which he calls " supine/' and the ex. 
pression of *' valle reducta,** has a propriet}* when applied to this 
place, which the ** withdrawing vale** seems not fully to express in 
English. 

Ode ^3. Book I. Horace jnentions the circumstance of his having 
met a wolf upon the mountain, when he had accidentally strolled 
beyond bis boundary— and those animals are not yet thoroughly 
extirpated from the vast woods that cover the heights of the, 
mountain. 

[BradstreeCs Sabine Farm.2 

7. The River Po^ or ]Eridanus» 

The Po, Padus, or Eridanus, for under all these names it has 
been celebrated in history and poetry of tiie greatest excellence, 
is the largest and most extensive river of Italy. In the infant state 
of the Roman republic,' its banks were inhabited towards the head 
of the river by the Salassi, and lower down by the Insubres ; both 
powerful people^ who had frequent, and at times, successful contests 
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nrhh the RoHMfM ; and, bat their jealtiusy of each other» might for 
ever have de6ed the Roman arms. One of the branches of the Po 
was the Draria, which, at this period poured down, or was supposed 
to pour down gold-dust in its sands ; which the Salassi endeavoured 
to secure to themselves before it reached the country of Insubria. 
The Insubres, incapable of tfupporling their own imagined right, ap- 
pealed to the consul Appius Claudius Pulcher, who readily took ad-> 
vantage of the appeal, and immediately invaded the SalassL At 
first, however, he was nnsttccessfnl, being defeated with a loss of 
five tbonsand men: though upon a second battle he triumphed 
to an equal extent, and at length gratified hunseif and his country- 
men by equally reducing both nations to a state of subjection. 

This noble river, rises firon mount Vesuln, or Viso, on the very 
confines of France and Italy, nearly in the parallel of mount 
Dauphin, m Dauphin^, and Saluaio, in Piedmont, being almost 
central between them, at the distanoe of about 18 English miles 
from each. Urns descending from the eentre of \he western Alps, 
the Po passes to the N. & of SalonOi by Oar%nan, to Turin ; re- 
ceiving even in this short space* many Viveia, as the Varrita, Maira, 
and Grana from the south ; and fWimtheN. the Felice, Sagon and 
others. Most of these streams having had a longer course than 
what IS called that of the Po, the Maira, for instance, might per- 
haps be more justly regarded as- the principal river: nay the Ta« 
naro, w hich flows into the Po, some miles below Alexandria, might 
perhaps claim, m the river Stura, a more remote source than the 
Po itself. After leaving the walls of Turin, the Po receives innu. 
merable rivers and rivulets from the Alps in the N. and the Appen- 
nines in the S. Among the former may be named the Dona, the 
Tesino, the Adda^ the Oglio, the Mincio : to the east of which the 
Adige, an independent stream, descends from the Alps of Tyrol, 
and refusing to blend his waters with the Po pursues his course to 
the gulph of Venice. From the south the Po first receives the 
copious Alpine river Tanaro, itself swelled by the Belba, Bormida, 
and other streams : the other southern rivers are of far less conse- 
quence^ but among them may be named the Trebbia, the river of 
Parma and Panaro, which joins the Po at Stellato, on the western 
frontier df the fermer territory of Ferrara. The course of the Po 
may be comparatively estimated at about 300 British miles ; so that 
when Busching pronounces it the second river m £urope, after the 



Dimibe; he must have forgbiti^ the Rhine, the ETbe. the Ode^, 
theVistnla, not to mention the Loire of France, the T»jo of Spain, 
and other noble streams ! The numerous tribut:!ry rivers, from the 
Alps and Apennines, bring down so much sand and gravel that the 
bed of the Po has in modern times been considerabiv raised, so thdt 
in many places banks of thirty feet in height are necessary to pre- 
serye the conntry from inundation. Hence hydraulics have been 
much studied in the north of Italy ; and the numerous canals of 
irrigation delight and instruct the traveller. Perhaps by deepening 
the chief estuary, and bed of the river, equal service might have 
been rendered to commerce. In the middle ages maritime combats 
took place on the Po, between Venice and some of the inland 
powers. It is remarkable that, from Cremona to the sea, there Is 
no capital city founded on the main stream of the Po ; and the case 
was the same mai^cient times; an exception to the supposition that 
every river has some grand city near its estuary *• 

9. The Tiber. 

This stream immortalized in both prose and verse, and by far the 
most considerable in the middle or south of Italy, is said to derive 
its name from Tiberinus, an early Latin king, and direct descendant 
of Oheus, by Lairnia, who was drowned in its waters in the course 
of a battle which was fought on its banks. 

It rises near the source of the Arno, south east of St. Marino, 
and passes by Perugia and Rome, to the Mediterranean, which it 
joins after a course of about 150 miles. It is said to receive not 
fewer than forty-two rivers or torrents, many of them celebrated in 
Rpman history ; as is the Rubicon, a diminutive stream, now the 
Fiermesino, which enters the Adriatic, about eight British miles to 
the north of Rimuii. 

In consequence of these numerous torrents it occasionally over- 
flows its banks; and in an early period of the Roman emjMre, before 
its embankment was made sufficiently powerful and lofty, these 



• To the N. of Ferrara the Po seems as broad as the Rhine at Dasseldorf, 
Stolberg, ii. 576 : bat is prolmbly not above half as deep. Dr. Smith t ir. 360, 
coiapares the Po, near Fe rrara, to the Maese at Rotterdam, and says it h 
nearly as wide. That Mae$e is only a branch of the Rhine. 
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Cfiiptions Were not otiTy frequent but tot the mott put tery destnic* 
tive. Ihus in the reign of Trajan, we are told, that it overflowed 
its banks with prodigious violeiice» laid great part of the city under 
water, overturned many housev and produced so much damage to 
the arijoiiihig ti«lds as to occasion a severe local famine ; and ail 
ibis, notwithstanding that the en^ror bad endeavoured to guard 
against the eyil» by canals for cari;)ing off the surplus water in the 
case of an inundation of the Tiber* Anreliai^ pursued another pIao» 
and deepened its cliannel, while hecorkiied its banks wilhonmeroua 
asut extensive wharfs^ Stilly boweyiq;; ;it occasionally produced tha 
public mischief^ and in tlie reign of Valentiniaii» overflowed t» 
t,a degree that it laid all the lower parts of fioine under water» 
and the inhabitants were obliged to save themselves uponihe hilla: 
wiiere the greater number of them would have perished of hungier 
lad not Claudius, prefect df the citj» sent them a seasonable suppfjf 
•f provisions in iHMiti. It was Valentinian who crowned the Tib<r 
with the celebrated bridge, which was at first called the bridge of 
Gratian, ^nd afterwards of Cestus. Jt is the Ponto di S. Bartolomeo^ 
•r St. Bartholomew's bridge^ of the present day. 



lEGTIOK IV. 
PBRIODICILL SPRINGS AND LAKES. 

1* Introductory Observations. 

• 

Abtono the natural phaenomena that the surface of tlie earth dk« 
plays to us, there are few more curious than those of intermitting 
or reciprocating fountains or other beds of water ; nor is it by any 
means an easy matter to account for so extraordinary a fact. An 
trfegularity of flow is indeed by no means uncommon ; most of tlie 
boiling springs are subject to it. But there are otlien that evince 
almost as regular and periodical influx and reflux as the tides of the 
ocean; wliile^ not unfrequently, these alterations occur several 
times in a day or even in an hour. Perhaps the causes are various^ 
and are sometimes subterranean and at others superficial. Generally 
speaking, springs and lakes of this description have been ascertained 
to communicate with a lower la^er of the same, through pores or 
apertures of various diameter, which serve equally to carry off the 
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nnlcn and to supply Ihviil arresb. And in bucIi cases llie flux and 
lellcix of lliv ii|i|Kr iitml of nMtt must neceBsarilif dqitiid u|iun ihe 
sl.ile of lliat bflmv ; ami llie causes whifli alUriisili-ly augment and 
diminish the latter must produce a similar effect upun the former. 
And it h possilile that lliese causes may be, a^ we shall presently 
find was long ago ingeniously conjectured by the younger Pliny, 
regular cunenU of air produced by the |)eneIratiDg influence of the 
suo,— a communication with the sea itself: or a periodical return 
of (ubterranean heat or other agency below the interior reservoir 
that may drive additional waters iulo ilj or expand those of which 
it consists. 

In the present day, however, the common principle upon which 
(his phienomenon is accounted for is that of the hydraulic machiuej 
called the Cup of Tantalus .—an instrument consisting of a vessel fur- 
nished with a siphon or tube with two legs, tbe one shorter than the 
other, and wbich may be atlacbed to it in different ways. But ihii 
will not account for fountains with irregular ebbs and flows; 
and hence, Mr, Gough, while lie attributes the regularly recurrent 
^riugs to the explanation of a siphon, has proposed another theory 
to accoimt for those of a different bind, and which, iu truth, is out 
far removed from one of the modes conjectured by the younger 
Pliny. Mr. Gough's theory, together wilh his exjrianalioii of tliu 
common llKory of the siphon, we shall give in a subsequent part 
of the present secliou, allotted to ah account of the alternating well 
at Giggleswiclc, iu Yorkshire. 

' 111 $wir7erland springs and lakes of this kind are peculiarly com- 
mon ; and Mr. Addison in his Travels endeavours to account for 
tbose which he met by a different process, but a process however 
which it must be obvious can only apply to a few. We saw, says 
he, in his description of Geneva and the lake, in several parts of 
tlte Alps that bordered upon us, vast pits of snow; as several ' 
mountains, that lie at greater distance, are wholly covered wilh it. 
I fancied the confuMon of mountains and hollows, I here observed, 
furnished me with a more probable rca^ion than any I have met 
with, for these periodical fountains in SwH^erland which How oidy 
at particular hours of the day. For as the tops of these mount-dins 
cast their shadows qmn one another, they hinder the sun's shining 
on several parts at such times, so that there are several heaps of 
snow which have the sun lying upon them for two or three hours 
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togetber, and are io the shade all the day afterward. If, therefore; 
if haj^ieiis that any particular fountain 'takes its rise from any of 
the^e reservoirs of snow, it will naturally begin to flow on such 
hours of the day as the snow begins to melt ; but as soon as the sua 
leaves it again to freeze and harden, the fountain dries up and re- 
ceives no more supplies till about tlie same |inie the next day when 
the heat of the sun again sets the snows a-runniug that fall into the 
same little conduits, traces and canals, and by consequence break 
•ttt and discover themselves always in the same place. Editor* 

2. Coman Springs 

FLINY TO LICIMIUa. 

« 
T HAVE brought you, as a present, out of the country, a query 

whkh well deserves the consideration of ^onr extensive knowledge. 

There is a spring which rises in a neigbouring mountain, aud, 

running among the rocks, is received into a little banquetting* 

room, from whence, after the foroef of its current is a little restrained, 

it ialb into the Larian lake *• The nature of this spring is ex- 

tremeljc ^rprismg : it ebbs and flows regularly three times a day. 



• Now the Logo di Comot in the dti^hy of Milan, Como or Comum is the 
city in which the younger Pliny vras born ; and upon the banks of the ]sike 
his elegant villa was situated. ' 

In the Natural History of t!he elder Pliny, book IT. chap. ciii. we are also 
told of a fountain in the vicinity of the same lake which ebbs and flows tverj^ 
hovri and Calani, and various other writers have conceived that boib dedcrip- 
tions refer to one common fountain, and have consequently pretended -to 
detect a palpable disaf^'^ement between the elder Pliny and his nephew ; 
Catani supporting the testimony of the former from ocular observation, the 
fountain being, as he tells us, still in existence in his own time> and denumii 
nated Pliny's well. It is by no means certain, however, that the fountain 
described by each of these writers is the same, nor docs its character, as given 
by the one, very strictly accord with that given by the other. The elder Pliny 
expressly denominates it «* a large and broad well j" while the latter repre- 
sents it »<t a small enclosed well; or in his own word^, " a well received int« 
a little banqm*tting-room." The point however is not of consequence. — There 
are various other wells of a similar kind which are noticed by (lie elder PJtn>\ 
and especially that of Jupiter, in Dodona, of which the reader will meet with 
a ftuther account in another sac tion of this chapter. liwxoB. 
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The iacrease nnd dccrcn^ it plainly visible and very amusing ti> 
ahservcn. Voii sit down by llic i>ide of llie I'oiiulaiti, and wliiliC 
jou are taking' a repast, and drinking its water, wiiicli ia eitreiuely 
cool, you Hc it gradually rise and foil. If you place a ring or any 
tiling else, at the botioin, when it is dry, the stream reaches it by 
degrees till it is entirely rovered, and then gently re tirea ; and if you 
wiit you may see it thus alternately advance and recede three suc- 
cessive limes. Sliali we say that some secret current of air stops 
and opens llie fonnlain-head as it approaches to or retires from it, 
ts we see in bailies, and other vessels of that nature, when there is 
Dut B free and open passage, though you turn their necks down- 
wards, yet the oulwarri air obstructing the vent, they discharge 
their contents as'it were by starts 1 But way it no! be accounteil foe 
npoH (he iwroe principle as llie flux aud redus of Ihe seal Or tu 
Uiose rivers which discharge Uicmselves into (he sea, ineethig wilU 
contrary winds and the sttell of the ocean are forced back iolo theJe 
cbanneli : so may there not be something that checks this founlain. 
for »tiiiie, in its progress) Or is there rather a certain reservoir 
that contains these waters in the bowels of Ihe earlh, wbicli^ while 
it is recruiting its discharges, the stream flows more slowly and ia 
less (juaatily; but when it has collected its due measure, it runs 
again in its usual strength and fulness. Or, lastly, is there on I 
know not what kind of subterraneous counterpoise that throws up 
the water when (he fountain is dry, and stops it when it is full'f 
You, who are so well <iualified for the enquiry, will esaniiw: th« 
reasoos of this wonderful phenomenon : it will be sufficient lor me, 
tl' I have givcu you a clear dtscttplioa of il. Farewell. 

[Melmolii't Trant.} 

3. Paderborn Spring. - 

In the diocese of Paderborn, in \Vest{ihalia,lhere is a spring wliLch 
(1isn|>pears twice in twenty-four hours, returning always after six 
liourswilh a great noise, aud so forcibly a^ to drive three mills not 
liir from its source. Tlie inbabilunis call it the bulderborn, that is, 
llie boisterous spring. 

[Phil. Trans. l665.] 

Tliere ar^; various chemical remarks appended to the above brief 
as 
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dmaifHUmt whidi, ftoBi the Unm wai unaetlkd state df the ncietice 
io thk eftriy pered of its eziiteaeeb sre of no faliie in the present 
Aij. Whilst upon this diocese^ howeTert we may be permitted to 
remark that Padeibom appears at the era before us to have been 
eelebrated for varions springs of an extraordinary nature, since in the 
same volume we meet with the following account, which we quote 
rather for its singularity than its containing any thing that can be 
▼ery romutely depended upon in the present more accurate and cau. 
tioos state of science. 

** In the dkieese of Paderbom, about two leagues from that town, 
is a springyCaUad Metbom, with three streams, two of which are not 
aboive one foot and half distant Aron each other, and yet of such 
diflRetent qualities^ that one of them is limpid^ bluish, lukewarm, and 
bubbling, eontaming sal-^msMmlu^ oker, iron, vitriol, alum, sulphur, 
nitre, and orpiment \ used against epilepsies, diseased spleens, and 
the worms ; the other is ice-cold, turiiid, and whiti8h,^much stronger 
in taste, and heavier than the former, cootMBing much orpiment, salt, 
iron, nitre, and some sal-ammoniac, alum, and vitriol. All birds 
that drink ofthe latter are observed to die ; whieh I have also made 
experimentof,by taking some of it home, aiul giving it to poultry, 
after having eaten oats, bariey, and bread-crumbs : for soon after 
drinkiojg it, they became giddy, reeled and tumbled upon their backs^ 
with conyulsions, and so died with their legs much extended. Giv« 
ing tl^em common salt immediately after they bad drunken, they 
lived longer ; giving them vinegar, they died not at all, but seven 
or eight days after were troubled with the pip. Those that died 
being opened, their lungs were found quite &brivelled. Yet some 
persons who are troubled with worms,«taking a little quantity of it 
diluted with common water, have been observed by this means to 
kill the worms in their boflies, and discharged great numbers of 
them : and though it makes them sick, yet not so as to endanger 
their lives. 

The third stream, lyiug lower than the other two, and about 20 
paces distant from them, is of a greenish colour, very clear, and of 
a sourish sweet taste, agreeable enough. Its weight is a medium 



• The chemical analysis of mineral watery was so Imperfectly understood io 
the 17 tb ceiitnry, that little reliance can be placed on the number and propor- 
tion of ingredients assigned io this and other instances. 
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betH'e«n ilml of the other two; whence it U iirobablu Ihat it is a 
tnixlure of both, meeting there together ; To confirm which, w^ 
mixed equal quoDtilies of those two with a little commun welU 
water, aod found, on itirring them together, aud permitting them 
to settle, that the; produced water of the same colour and laste ai 
. this third stream." Editor. 

4. LaywiU Spring. 

OoiNO a-shore one day, 1 walked about a mile into the country, 
to see a well much talked of, near Torb^iy, called Lay-well, which 
made me more than amends fur tlie paiiis 1 had taken to come at 
it. It is about 6 feet luug, 5 feet broad, and near 6 inches deep; 
and it ebbs and flows often every hour, very visibly ; for from high- 
water to low-water mark, which I measured, I found it somewhat 
more thai) 5 inches, I could not see any augmentation above my 
mark when it flowed, Dor fell it below my mark when it ebbed, but 
always kept the same distance. The flus and reflux, Uken both 
together, was performed in about two minutes ; nothing could be 
more regular, each succeeding the other as the tides of the sea do. 
I drank of it, and found it a pleasant, delicate, 6ae, soft-water, not 
brackish at all; which the country people use in fevers as tbeir or- 
diamy diet drink, which succeeds very well 

On a second visit, I observed it performed its dux and reflux ia 
little more than a minute's time, yet it would stand at its lowest ebb 
sometimes two or three minutes | so that it ebbed and flowed by my 
' watch about l6 times iu an hour, and sometimes, I have been told, 
20. As soon as the water in lite well began to rise. 1 saw a great 
many bubbles ascend from tAe bottom; but when the water began 
to fall, the bubbling immediately ceased. The whole country at^a- 
ceut is very hilly all along tlie coast ; from Brixam to the top of the 
hill is about a mile aud half, the well is about halfway up the hill, 
which bereahout is somewhat uneven and interrupted, and comes 
out at a small descent, yet considerably higher ihau the surface of 
tbe sea. The water does not seem to be impregnated with anr 
mineral. Its tasle is very soft and pleasmU, has no niamier of 
roughness in it. aud serves for all oaiint-r of uses In the country 
people iu their bouses*. [Phil. Trans. l6g3.] 

• Tlif re iianallier detcriplion of thlB i|irine containrd in (he tame excelleat 
Journal, jcar nSS.hy Mr. JoKpb Afwrll, and attempted lo be riplaincd by bim 
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The editors of the Vibridgenieiit prmreed to give a long account 
of Mr. Atweli's explanation of this system: but as the reader will 
find a mueh easier and simpler illustration by Mr. Gough iu the 
ensuing sub-section^ it is unnecessary to quote it in the present 
place. " Editor. 

5. Giggletwick WeU. 

A description of this fountain has been given by ^veral visitors, 
but far better by Mr. Oough.in the Memoirs of the Transactions 
of the Mancliester Society than by any other writer we are 
tcqu&mted with. This gentleman first briefly examines the nature 
'and hbtory of the more curious periodical springs that have been 
observed and described, and particularly those of Como, Dodoua» 
and Paderbom, which be ascrflies to the principle of a siphon : and 
then by way of explainuig this principle and of developing the weO 
in question proceeds as follows ^r- 

This iiistrument cousbts of a vessel furnished with a siphoOy 



apon the principle of siphons. ^ Mr, Atwdl,** nys the writen of the recent 
Abridgment, *' comes now to hi« hypothesis, for eiplaining the pbeoomena 
abserved; .alid he Imaaines them to be occasioned by two streams or spring 
oae of which passing through two caverns or natural reservoirs with si phons» 
meets with the otherstream in a third resenroir, without a siphon; where being 
joined, they come out of the earth together. 

The petitio principii, or sapposition of reserroirs and siphons in the 
bowels of the earth, has been made by others : P€re Regnault, in hiii Phil. Con- 
^peisationsy Vol. ii. Conv. 6, p. !25,&c. Eog. edit, has mentioned it in general \ 
and Dr. Desaguliers, in Phil. Trans. No. S84, has attempted to apply it to two 
cases in particular; as Dechalcs, Tract, zvii. de Foutibus Nuturabilis, &c. 
prop. XT. had done In two other cases before him. It is indeed unnatural, or 
hard to be granted. Whoever has seen the Peak of Derbyshire, the billy parts 
of Wales, or other countries, must be satisfied that they abound with caverns of 
many sorts. Some of them are dry, other^t serve only for passages, or channels* 
to streams, which run through them; and a third sort collect and hold vater» 
till they are full. They mnst alsa have observed, that there are sometimes oar* 
row passages, running between the rocks which compose the sides, nnd going 
from one cavern to another. Snch a passage, of whatever shape or dimensions* 
how crooked and winding soever in its coune, if it be but light, and mns from 
the lower part of the cavern, first upwards to a less height than tliatof iho 
cavern, and then downwards below the mouth of the said passage^ will be a 
naturai siphon. 
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wti'irh mny be altadieJ to it in difTcrpBt ways. To nvdd ihp 
rfttssiiy of a diagmni, «e will suj)|n>se llic botlum of ilic vessel lo 
be perforated, and the Inuger kg of the siplion to pa^s tlirougli the 
bole, being firmly cemented in a positioD, wliich places ihe highest 
point of the bend williin tlie vessel, nnd half an inch or on inch be- 
low the brim, and at the same time keeps llie open or tower eml of 
the shorter leg at a small distance from tlie cup's bottom. Water 
fions tlirougli a tube in an uniforn) stream into the cnp; Where it 
is collected for want of p<;ress, and entering the siphon at tlie open 
end of tl>e shorter leg, it rises gradually to the bend or Uigbest 
point. Tlie subsequent the of the water io the clip, forces the 
coluttin in llie ascending leg of the siphon, to pass over into the. 
descending or longer branch ; upon whicli this iustniment begins to 
act, not in the manner of a simple lube, but in its proper cliaracter. 
Now the draft of the siphon is made lo exceed the opposite stream 
or supply of water ; in consequence of which contrivance the cup is 
emptied again sooner or later ; at tbia monient the action of the 
' siphon is suspended, until (lie cup is replenished by the constant 
current. In thia manner tlie water will be seen rising and falling 
alternately in the cup, which will be full and empty, or nearly so, by 
turns. Similar vicissitudes will also lake place in the siphon; for it 
wilt run so long as its shorter leg is in the waleri and then stop, until 
tbe highest point of the bend is again covered by Ihe contents of 
Ibe cup. 

The transition is easily made from Tantalus's cup to a foUDtain^ 
which reciprocates periodically ; for we hare only to suppose a se- 
cret reservoir to be formed in ttie bowels of a mountain on the prina 
ciples of this instrument, and the following appearances will take 
place in the visible well, which receives the water from the natural 
tiphon. 1st. So^oon us the surface of the pool in the subterranean 
reservoir, rises above (he bcmt of the siphon, this canal will begiu to 
act ; and its discharge will be greater at that moment than at any 
other period; because the power of a siphon is greatest, when the 
distance, betwixt the bend and the surface of the water in tlie basin, 
is least. 2d. This abundant influx into the externa) well wilt make 
it rise ; in consequence of which the efflux will continue to increase 
at the outlet, so long as the water continues to accumulate in llic 
visible basin. 3d. Now the discharge from the outlet, which~ be- 
comes more copious every moment, being contrary to the influx 
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from the BipboD^ which grows gradoally weaker, the surface of the 
well will cease to rise so sood as these opposite powers are equal id 
iheur effects ; and the 0ow will be at the full in this instant. 4th. 
The well cannot remain stationary, for any length of time, dt its 
highest elevation ; because the vigor of the siphon being perpetu- 
ally on the decline, all the water discharged by it will run off 
through the outlet, together with part of that, which had been pre- 
viously accumulated in the visible fountain, during the time of the 
flo/r« 5(h. Hence it is evident that the well will begin to subside, 
the moment it becomes stationary ; after which it will persevere io 
\a retrograde motion, until the siphon shall have emptied the sub- 
terranean reservoir, ^h. If oo veins of water discharge themselves 
into the visible basin« besides the siphon which runs periodically, 
the spring is called an intermitting fountain. The Boiderborn is of 
thb kind, for it remains dry while the secret reservoir is filling, and 
flows. while the siphon is in action. 7tii. But if die spring receives 
other supplies in addition to the intermitting current, it is called a 
reciprocating fountain; because the stream that issues from the 
outlet of the visible basin is permanent, though it varies in quantity ; 
on this account the well ebbs and flows alternately, but never runs 
itself dry. All the fountains, which will be mentioned in the sequel 
are, of this kind; and Pliny's well, near Coma, appears to possess 
the same character from his description of it. 8th. The fluctuations 
of an ebbing and flowing well, which is fed by a siphon, will remain 
invariable, so long as the stream, that falls into the subterranean 
reservoir continues to be uniform* But these external and visible 
operations of the well, are so far under the influence of the current 
last mentioned, that they will evidently suffer a temporary suspen- 
sion, so often as the influx into the concealed cistern, amounts to a 
certain quantity in a certain time ; for the siphon i^ but a second, 
ary agent in producing the phenomena of reciprocation, its business 
being to empty the subterranean basin, so often as it is replenished, 
^ow the time of filling this magazine of water will be the shortest, 
when the influx into it is most abundant^ and the contrary ; conse- 
quently an increased discharge into the subterranean reservoir, will 
diminish the intervals of the siphon*s inactivity, and prolong the 
periods of its action. It follows, from these premises, that when 
the influx becomes equal to the feeblest effort of the siphon, the 
quantity of water thrown into the concealed basin, will exactly 
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counlerbalance tlie quHotily whicb is drann off by the croi^ed 
canal : atid iIil' exlerudl ivfll vi'iU assume tlie cbaracler of a cauiiiion 
foUDtain under lluse ciicuiu stances, 

I have now explained the principles, on wliich the coinmou theory 
<rf' ieci{>rocating springs u fouudtd ; and the necesiMrj' cousetjuencei 
of the theory are staled in ilie eight pri^ceding proposilions. Thi» 
faiu been done, lo shew uilli whal euse a natural apparatus on the 
coustruction of Tantalus's cup elucidates the iqipearanceg, which 
buve been ascribed by writers to tlie fouulains of Dodouai Coma, 
and Paderboru. The operatious of these sprini;^ art^ happily illus- 
trated by the instrument in question i on which account I do not 
hesitate to pronounce the theory to be a good one, >o far as it 
relates to lhe»e fountains alone ; provided ihey are laithfuUy 
described. The simplicity of the preceding cxplunafjon, and it» 
coincideuce witli ihe narratives of the two Plinjs, tu well as (he 
history of the inconstajit brook in Westphalia, disposed nie to 
admit (he common theory, and to imagine it lo be equally applicable 
to reciprocaiiug fountains in general ; until au instance utcurred to 
my notice, which proved that, fluctuating fountains do not univer- 
sally exhibk th.e periodical o]H;rations which are described by the 
writers Already quoted. I made a visit tu Giggleswick Well, in tlie 
autumn of 179'): which taught me to value this once favourite 
theory not so highly, ant) in particular to dispute the universality of 
its application. The causes of thrse doubts will be easily perceived 
from the followiug descripliun of the well and its operaiions. 

Titb spring lies at tlie fool of Giggleswick Scar, w Inch is u hill of 
limestone in the West Riding of Yorkshire. The water discharged 
by it, fulls immediately iuto a stone trough t in the front of which 
are luo holes near the bottom; ttiese are the outlets of two streams, 
(hai flow constantly from the artificial cistern. An oblong notch is 
also cut in the same side of the trough ; which exiendt rrnm the 
brim of it, nearly to the level of Ihe two holes already luemioned. 
This aperture is intended to shew the lliiciuatioiia of the well : for 
Ihe water subsides in it when the "Ixiiii issuing from the rock be. 
comes languid ; on the coni.ary llie surl^ce ot ihe water rises again 
in the notch, so soon as Ihe iiiHu)! into Ih*' trough Iw^itis (•> be more 
copious. The reciprocal ions ot the spring are v-^Ay „i)-iii vcJ by this 
coutrivance; and they appear lo be very irre^oldr ixnti ui respect 
«f duration and magnitude. For the iutervai of tiuie belwi&t any 
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two focceiidiiif flowi, is sometimes gfeftter, and at other times less^ 
than a similar iiitenml which the observer may happea to take for 
bis standard of comparison* - The rise of the water in the cistern, 
daring the time of the wellls 6owing» is also equally uncertain ; for 
it varies from one inch, to nine or tea inches* ia tlie course of a few. 
rrclprocations. It is necessary to remark on the present occasion, 
that the spring discharges bubbles of air, more or less copiously 
into the trough; these appear in the greatest abundance at the 
commencement of a flow, and cease during the ebb| or at least 
issue from the rock very ^ringly at that time. In fact, tlie appear^ 
ance and disappearance of these bubbles, are cir^cuinstances equally^ 
iDconstant with the rise and {9II of the water. 

rThe irrfgnlarities exhibited by the ebbing and flowing well, 
doriug my short visit, dimmished the respect which I formerly had 
fer the popular theory, more especially when considered as a general 
eaplanation of reciprocating springs. This change of opinion was* 
suggested by the caprices of the well ; which were too many and 
too singular to be ascribed to the uniform operations of a single 
riphon, as we have seen already ; and the accidental combination of 
several siphons in one fountain, is a conjecture too improbable in 
itself to demand a serious disdussion. My suspicions respecting 
tlie accuracy of the principle were not a little hicreased, by the foU 
lowing descriptions of two reciprocating fountains. Weeding Well, 
ID Derbyshire^ appears to be more fickle and uncertain in its recipro* 
cations, than the well at Giggleswick, Dr. Plot describes this re- 
mariuible fountain, at page 41 of his History of Stafibrdshire, where 
be reports it to' be very uncertain in its motions, ebl)iugand flowing 
sometinto thrice in an hour, and at other times not oftener than once 
So a moQth ; he also quotes the following character of it, to the 
same import, from a latiu poem by Mr. Hobbs. 

<* Fons hie teniporibus nee tollitur (ut Mare) certis; 
<< ^tibus his nuUam praefigit Ephemerb horani.*' 

The following account of a reciprocating fountain is extracted 
from an article in the second volume of Lowthorp's Abridgement, 
page 305; hi which care has been taken to preserve the facts 
recorded by the author. Dr. W* Oliver, in language more concise 
than his own. <* Lay Weil, near Torbay, » about six feet loDg» 
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five fepl Jirrad, and near sk iiiclies dei-ji ; it ebbs Jtml fltiws verj 
TuiN^; and nmnj liuiej in nii tiour. Tlir reciprocal ious succeed 
each other more mpidly when tlie well is full, than the; do wliea 
il.is Jow. When once the foutituin begun to don, i[ performed it< 
flux and reflux in little more than a niiDule'-i lime; but tlic Doctor 
obserred it to i>tand sometimes two or ihree miuutes at its Jowest 
«bb I so tliat it ebbed and flowed about l(i limes in an hour, by fa« 
watch. So soon as the water began lo rise ii. tlte well, be saw a 
great number of bubbles ascend (torn the bottom ; but when tbe 
water began lo fall, the bubbling ceaied immediately. The Doctor 
measured the distance betwixt tlie liigh and low watermarks, i»ot on 
a perpendicular line, but on s slope, and found it exceeded five 
inches. 

The three preceding instances of irregular reciprocation nndoubt- 
«dly diniiiiisiies the importance of Itie {lopular Iheorv, by proving 
that it is not of universal applicnlion ; as it oidy explains the cod> 
stitulion of those fountains, which ebb and flow periodically. Tl>e 
Boiderboni of Westphalia, may be reasonably pronounced to be of 
this description ; hi for the fountain of Jupiter in Dodona, we know 
too iittteof it lo judge of ils'tnie character; and it is not improba* 
ble but future obseivatious will add Pliny's Well to tbe class of 
irregular reciproealors. 

It may be reasonably supposed, that since I bave endeavoured lo 
confine the established theory of reciprocation to one or two springi 
at most, a new explanation will be offered on my part, comprehend- 
ing the phenomena of those welis, wliicb ebb and flow according lo 
BO certain rule. Before I make this attempt, it will be proper to 
give a raore circumstantial account of the appearances exhibiled by 
tlie well at Gi^glcswick, tluu has hitlierlo been published. I neg^ 
lecte<l, when in tlie country, to preserve a correct registur of its fluc- 
tuations, and coniinitled no oilier ohscrvalions to v.riling, ei^cept 
tliosie whicl) appear in a farmer part of this essay. This omission, 
however, has been fully supplied by Mr. John Swarnston, of Ken* 
dal; lo «hom I formerly cuminuniculed my iin|K'rfecl remarks on 
this well, re<]uesling him at Ihe same time to note down a scries of 
its operaliuns, at some convenient op|H)rt unity. Thii retiuest was 
complied uiih by my friend; who has digested his observalions in 
the fullovtiiif; table, which merits the esteem of Ilie naturalist, ■■ 
beiag a faithful liistoty of ibis singular I'ouutaio. 
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Ohenatwms made onGUggletwiek fFelt, Jmgiat 20th, lOt,/rom 
3 (o nearly 6 P.M. 



On firat coming to the well it contiDued flowiiig near ten minute*, 
and then u in tbe Table. 



ID 1 tncli iliort oTfiiU. 



Left it flowing OTFT* 



Mr. Swainston has ftvoured me with the following explanatory 
remarks; which, perhaps, wUI throw some additional light oo the 
lii^tor; and properliei of Gigglcswick Well. In the tivo observalionf 
marked with crosses, the water flowed slowly for the first 3 or 4 
inches, and then rose very quickly, until tlie cistern was full; ihe 
nnie appearance took place not uufrequently in the course of hia 
remarks. Where the blanks are in the columns marked slalionary 
at ebh, the water flowed again instantaneously ; but there are some 
inaccuracies in this part of the table ; for M r. Swainston was inter- 
rupted more than once by travellers stopping to let their hones 
diiuk. Tlie term stationary at ebb, signifies that the surface of the 
water in tlie cistern was stationary at its lowest elevaiioo: at which 
lime the discharge from the trough was commonly confined lo the 
two holes near the bottom of it. 

I have now stated all the fhcts in m; pos^ssinn, that relate to re* 
ciprocaling springs. The fguntains which have been described, are 
six in number, of these the inconstant brook in Westphalia, appears 
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to require liie agt-iicyof a siplion to accoimt forila oiiMBlioiw. The 
characlers as asctii.ed lo Pliiiy's W*ll, and tlic well iu Do-ton-, are 
very Binbjguouj and unsatisfactory; but the operations of tlie three 
remaining springs, and more especinlly the register of Giggleswick 
Well, perple:^ the liypothesif of a siphon with insuperable difficul- 
ties) which asuperticial inspeclioaof the table will discover to the 
reader. 

The theory, which I shall now propose for ihe explanatioo of 
irregular reciprocating springs, was suggested by an accidental ob. 
Mrvation; which occurred to Mr. Swainslon, whom I have men- 
tinned above. This gentleman, who is a manutaclurer of Morocco- 
leather, has a contrivance in his works, for the purpose nf filling • 
boiler of a particular construction with water. Tliis apparatns 
consists of a tub, which is considerably elevated above the boiler. 
The water is conveyed from a pump along a Irougli into this vessel ; 
from which it runs immediately into ibe upper extremity of an Uf 
verted sipbon, which is cemented into a hole in (he bottom. This 
compound tube coasists of lliree branches or legs ) the first 
descends perpendicularly bi;nealh the tub, atid is the longest of the 
three; the second ascends agait) and carries the water, which comes 
into it from the first, lo a convenient height above Ihe brim of tfae 
boiler; the third is a descending leg, which performs ihe office of 
nozle, that is, it discharges (he water from this crooked canal into the 
boiler, Mr. Swainston ob'^erved by accrdentj that when the work- 
men were fiilihg the vessel last- mentioned, the water reciprocated in 
the tub, the sur^e of it rising and falling alternately in a manner 
which be could not explain, by supposing some shght irregularity id 
Ifie management of the pump. When the aiipearance was more 
carefully examinedf he found a corresponding variation in llie efflux 
at the nutle; for when the water was rising in the tub, ]he stream 
was perceptibly weaker at this outlet, than it was during the ebb or 
fall of tfae water iu the vessel l»$i- mentioned. He farther observed, 
that when the water in the holler rose high enough to cover the end 
or nozle of the siphon, Luhliles of air wire seen uscending from this 
orifice, during the ebb in the tub, or at least during the luriner part 
of it; but (hat they did not appear during the Hov, or whilst the 
water was accumulating in the tub. The fluctuations hrre described, 
were far from being regular, either in magnitude or duration; for (be 
water rose niudi higher in ihe tub at one time, than it did at 
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MMther; tsd the bttrvtb betwixt fimr and flow, or ebb and ebb. 
Wore lefj iioequaL In fact the appearances seen in this vessel 
iflsilatMl the caprices and singularities of Giggleswick Weil in a 
nitunil and sorpriNing manner. 

The eiact coincidence of the eflects, prodnced by an artificial 
ipparatiiji, and a noted reciprocating fountain will naturallj turn 
the attention of the curious to inquire into the cause of tlie irregu^ 
lar motions* which Mr. Swainston obaenred in hb resenroir. The 
cnrcumataBce on which these fluctuations depended, is easily under, 
aiead ; for, -seeing the inverted siphon discharged bubbles of air 
fcasiomilly uito the boiler, it b manifest that this subtle fluid 
aotend the tube, mixed with the water, or m other words in the state 
ef foam. Now it is weli known, that the bubbles, constKuting thb 
lipothy substance burst, and the air separates from the water, when 
the afitatioD ceaaes; by which the compound was produced. Such 
m separation would take plac^ unavoidably in the siplion ; because a 
current flowing in a tube moves on smootMy, or without niterriip- 
lioB, which is the cause of agitation. The processi here described, 
discovers the nature of the phenomena which arc exhibited by Mr. 
Swainston^s vessel; for the air, which separates from the water in 
the siphon, is collected in some part of tliat tube, most probably in 
a bend connecting two adjacent legs ; where it forms a bubble or 
■lass, large enough to produce a considerable obstruction in the cur* 
lent, by contracting the area of the pipe. The water \iill evidently 
rise in the tub, so long as its efilux is interrupted by ftjis obstruc* 
lion; but the action of the stream in the siphon will push the mass 
of air from place to place in its own direction until it sitall be db« 
diargcd at the nozle. The removal of thb iiiipedimeut will restore 
the stream .to its full vigour ; upon which the water will begin to 
subside in the tub ; and it will continue to do so, until the surface 
arrives at its proper level ; uuless a second collection of air happens 
to be formed in the mean time. We have now in^'estigated the 
nature of the reciprocation, observable in Mr. Swainston's appara- 
tus, it prot*eeds entirely from the obstruction of air bubbles, lodged 
in the crooked canal; the formation of uhich depends on causes 
that act in a fortuitous or irregular manner -, consequently the 
reciprocation which results from their united operations will prove 
to be equally uncertain and variable. 

Should the preceding theory of an ebbiug and Qowiiig vessel 
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receive ihr rea<I«t*s appdibation, lie wtll be dbposed to think, lint 
I'liJty lli^rovr^l^<l tlif (rile riHIiiii; of r«ciprocuIiii^ fountaias, wlien lie 
compared tlie Qi'dualit-n* ol these springs lo ihe ialerrupted aiid 
ine^uUr stream which iuues from a boltle. lu fact, only one cir- 
cuiiisUdcc seems waiiiini; tit render his explanation of llie pheno. 
uenoD complete ; he has not inforraei) iiis fiiriKJ Licinius, how be 
Mp)>o»3 the air gets iiilo tlie subterranean channel, wliich supplies 
fauwetl with water. Perlmps iliia omission wai the iSect of design, 
nther thaa of negligence ; for many pbilosophen in Pliny*s time 
held the singular opinion, that the earth possesses ttie faculty of re> 
■piratioD like animals; in consequence of which, it uihales aod 
expires aii' through the crannies and caverns, which extend to its 
surface. Supposing Licinlus to be of this Hay of tbiiikinf;, Pliny bad 
no reason to (ell this ingenious and learned man, that be imagined 
the outlet of the fountain had a com niunica lion under groiiud, with 
uoe of these spiracles of the gl«be. Be this as it may, the notion is 
too absurd to be mentioned in the present improved state of Natural 
Pbilosophy, in any other light than as a curious document of the 
puerile conceits with wliich Ihe philosophers of ancient times 
uniused their hearers. In the foregoing attempt tu complete the 
theory, I have had recourse to a well hnowa phenomenon^ water 
is beaten into foam by l>eing agitated ; wliich was the case by Mr. 
Swainstoii's vessel, because a strong current fell into it from the 
pump. There is, however, one objection still remaining, which de. 
srrres t.o be consiilered: the levity of foam, compared with the 
superior weight of water, may lead some persons to suspect, that 
this light substance will nut mix i\ith water, but will float on the 
•urfdce of the reservoir, in which it is formed. Sup|)osiiig this 
suspicion to be well-founded for the sake of argument, we must 
allow the foregoing theory uf reciprocaliug vessels to be defective 
in a very essential point ; because if foam cannot sink, Ihe air that 
proceeds from it, cannot find its way into Ihe tubes or siphoDSf 
wliidi convey the watir from such sessels. Being unwilluig to 
leave this objeclinn unauiueied, I resolved lo put Ihe Irutli of Ihts 
principle to the test of direct expurinienl ; which was done in llie 
tbllo»iiig simple manner : A small bell ghiss, being fir't filled willi 
water, was inverted in six <piaris of the same flniil, cmitnined hi u 
suiall tub. Things being thus prepared, the contet; of the open 
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vessel were agitated briskly i and the air which entered the wator» 
fauinl its way into the inverted glass, the upper part of which it 
occupied. The water of the tub was a^^itated bv the motion of a 
whisk, or a bundle of slender twigs ; it was sometimes taken up in 
a pitcher, and returned into the vessel quickly, from the height of 
a foot or more; both methods proved successful, but the former 

' appeared to introduce air into the glass with moi'e expedition than 
the latter did ; the difference here mentioned, may however de|K'nd 
entirely upon management and acckieutal circumstances. The expe- 
riment which I have now related, shews the foregoing objection to 
be of no moment; consequently the present theory of irregular 
leciprocation may be pronounced to stand upon a safie foundatkm, 
and/ unexceptionable principles. 

The observations which have been made on Mr. Swamstou's acci- 
dental discovery, render an elaborate ipquiry into the constitutUHi 
of Giggleswick well unnecessary. Nature may be easily supposed 
to have produced an ajpparatus in the side of the hill^ possessing the 

^ mechanical properties of the reciprocating tub, and all the pheno- 
mena will follow, which are so remarkable in this fountain. Let ns 
imagine a reservoir to be concealed from view under the rocks, 
into which the stream of a subterranean brook tails, and beats part 
of its contents into foam by agitation. Let this cavity be connected 
with the external or visible basin ; by a narrow serpentine chink 
concealeci in the interposing strata; and the reader must perceive, 
without farther explanation, that this conduit will perform the part 
of the inverted siphon already described, and exhibit the operations, 
as well as the irregularities of the fountain in question. The same 
internal structure may he supposed to exist in Lay Well, near Torbay: 
but somethmg is required, in addition to this simple apparatus, to 
account for the casual reciprocation of Weeding Well, in Derby- 
shire. It is not a difficult task to accommodate the theory to the 
description of this spring ; but when we consider how imperfect 
such descriptions are commonly found to be, it appears more 
adriseable to pass over'this fountain in silence; until some accurate 
observer shall present the public with a correct and minute history 
of its operations. 

[Nkholsm's Jour/ial, Fol. 35. No. l63.] 
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6. Lake Zirknizvr, in Camtola. 

Tliis lah« ma by the ancienls call? (t Lu^a Palut, by (lie nmrfenir 
Lku4 Lngein, though at present in l^tJn name be Lacus Cirkni- 
oaiiMs, in (ligb Dutch Zireknizer sn, and in our Cdrniolaii tongue 
2irknisk« Je*eru. It is at the distance of 6 German miles from the 
^spilat city of llie province I.abac, and is n gootl Qennan mite loii^, 
Mid about half as rnuch in breadlli. Its ordinary depth ii 10 
cubits, its least fl or 6, rarely 3, its greatest is 16 cubils. It is 
every where lurrottiidcd willi woody niounlains, which oo ibe south 
and west side are very liigh, and 8 nules broad, running far into tbe 
Turkish country, and aflurd nothing but horrid stony dewrts, over- 
grown wilb trees. 

In tbe noufllaui called Javomik, near the lake, there are two 
holes, or exceedingly deep precipices, in whicK many ihousaiid wild 
pigeoii* roost ell llie .winter; entering in auiuran, and coming out 
wilb ibe fint of tbe spring; wliat they live upon in these caverns is 
unknown, but perhaps the nitrous saud. On tbe other liill called 
Slivema, a a hole of aii unknmvn deptli, out of which there oHea 
breathe uoxioiis steams, attended wilb tempests of thunder and 
ligfalning and hail. This lake being every where uirronoded witb 
mountains, and nowbera running over, nature has given it two litL 
Ue clianneLs or stony civerns, by Hhjcli the waler rans under 'tbe 
■MMintain ; and a (bird concealed' sub terraneous pasnge, which 
ifitbout doubt couimunicairs witli tlie other Iwo under ground* 
This water bavincr run half a Geiman tiiile, comes out at tbe otiMT 
aide cmT tlie mountain, in a df^erl pliicc at a stony cave, and fornv 
the river called by tlie inhabitants Jctcrut that is the lake. Tbia 
river having run bulf a quarter of a mile enters a wide stony cavern, 
runnia|> slowly under the hill for the space 'of a good musket.»lio^ 
llicn commg ont again on the olber side, after it has rm Ibroagb a 
aiiiall plat, it entero a third cu^eru or gnitto ; u herein liaving pas»ed 
SO pacei, it runs no longer peaceably us before, but witli great nabe 
and roaring fall* down a very sleep thaunel ui stone. 

About the feast of St. John Baptist, or St. James tide, and snme- 
times not till Augtiit, llie water runt away, and it is dry; but it tills 
l^ain in October or November ; yet so as not to observe any cer- 
lain tinie; for soiuetiiDes it bas been dry twice or Ihrtce in a yetir. 



#8 $PEIN68, EIVBR8, «AKAU, LAKES, 

which makes the fishing very considerable. Sometimes again, though 
but seldom, it has happened to be 3 or 4 years together full of 
water, and then is the best of the fishing. But it never yet was 
observed that this lake was dry for a whole year together. 

In this lake there are many pits in the shape of basins or caul- 
drons, which are not ail of the same depth or breadth ; the breadth 
of them being from 2C) to 60 cubits, more or less, and the depth 
from 8 to 20 cubits. In the bottom of these pits are several holeS| 
at which the water and fishes enter when the lake ebbs away. In 
the months of June, July, and August, when this lake begins to 
draw offy it grows quite dry in 25 days, if no great i^ains intervene. 
And the pits are all emptied one after the other, in a certain and 
aever.faiting order of tinie. 

When the lake beguis to sink, which appears by a certain stone 
which they observe, the inhabitants of the town called Oberdorff 
or Seedorf, give notice thereof to all the neighbouring fishermen, 
Ibat are appointed ' by the several lords having right in this fish* 
iog. The people of thb town have orders not only to watch the 
falling away of the water, but likewise to take care that nobody 
presume to fish in the lake when it is full of water, that being for- 
bidden. 

The first pit, called Maljoberch, u only a depression «f the hoU 
torn, without any holes in it ; but there grows much grass and weeds, 
nnd many fish are caught there. Three days after the water begins 
to ^bb, this pit u emptied. Of this the parish clerk of Seedorf 
•gives notice by tolling a bell, and all the inhabitants of the town, 
old and young, men and women, lay aside all other business, and 
gn to fishing, quite naked as they were born, without any regard to 
modesty or shame. The fish they catch they divide in halves, one 
part they give to the prince of Eggenberg, as the lord of the manor, 
the other half is their own. The pit Velkioberch is emptied the 
third day after Maljoberch, the manner and right of fishing as in 
that. Four hours after this, the pit Kamine begins to empty ; here 
they generally fish with a trawl, as in several other pits of lesser 
note, having first purchased leave of the lord of the manor. Here, 
as also in the pit Sueinskajamma, which sinks one hour after Kamine, 
are many fish caught, and abundance of large crabs, but they are 
lean and of no good taste. The fifth pit Vodonos, dries five days 
after Kamme. In this and the other pits which follow, they fish 
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with a long nel or mne. Urre iFiey can have no more tliuti five or 
fth tiHrtl!!, by reason of ihc greul swiftness uilh wliicit ili<j water rtiiii 
avnj at lh« holes in lh« bulloDi, which is such that a horse can hardly 
keop pace with it, aoH carries away the fish with givat violence under 
the earth. SometimM when the fiiiherraen are not nimble, (hey can 
icarcely get two hawls before tlie water is gone. The pit LcNiret- 
Bchka evacuates a day and a half after Vodooos ; ibe fistiiog i> after 
the same manner, and the same caution necessary, because of iht 
Budden recen of the water. The water leaves the pit Kritlouduat 
IS hours after Louretschka, and 3 days after that the pit Rescbeto. 
Id this latter, in the year l6B5, after the lake had been some yeart 
without being drf, there were taken at the fint hawl 31 carti of 
fill), at the aecond 1 7, and at the third 9. The |Ht Ribeskajamnw 
falls dry at the same time whb Resctieto, which it that nekt to it, ' 
In (his pit tbey fish under ground, which is a curionly not uiiplea> 
■ant, and diffiering from all the rest. For there in in the bottom a 
'great hole h the stone, by which men may cas'Jy go down with 
lighted torses, as into a deep cistern ; aud there ii under ground a 
large cavern like a vault, the bottom or pavement whereof is as it 
wer« a sieve full of little boles, whereby the water runs away, ^atr^ 
ing the fish dry, where (bey are catighL The pit B«ibje ia empty 
2 houn after Ribesk^amma, and is of no great consequence for 
fish. An hour after this, the pit Sitlarza,'aud iu $ or 6 hours moK' 
Upauta falls dry. 

The third day after Rescheto the pit Gebno empties ; in thb ihey 
rarely fish with nets, but let it fall dry, and the holes in the bottbtd 
being so small, that they exceed not the sixe of a tnan's anu, all the 
great fidi are left behind in the pit. Two days after O«hno the pit 
Koteu becomes dry; in this they sometimes take the fish as in the 
former, but the holes, being largei^; let more fish pass. The pit ' 
Aim empties 4 or A hours after Koteu i in thb they seldom lei (he 
water tun away without using their nets, as in Oebno, because of 
one great hole m the bottom, by which many great fishes may es* 
cape. The pit Zeslenia sinks 3 hours after Ainz ; in tliis they al- 
ways fish with nets, as in Pounigk, which is emptied the next day 
after Koteu. 

The last pit, called Lenische, is evacuated the third day after 

Ponn^k, (hat is, the S5(h day from the beginning of the recess of 

tbe'water of (be lake, so (hat in 25 days the fishing of this lake it 
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eter. lu f his Its! pit, about 1/ yeM9 since, there fell a flash of 
KghtDiDg^ about the time of fishiog, which stunVied a muitityde of 
large fishes, so as they filled 28 one-horse carts with them. Thes«^ 
fish are not properly thunder stnick* but only stunned with the vio- 
lence and sulphureous vapour of the ligbtniug, which makes them* 
rise and swim as dead on the top of the water ; but if they be takei> 
«p and pfit is fresh water, they soon recover, otherwise they die^ 
this IS no uncommon accident in this lake* 

The fishing being thus ended, a signal is given, by tollisg the bell 
in the chapel of 8t. John the Baptist^ near the tow» of Citkuia. 
Upon which all the inhabitahts of the neighbouring villages and of 
Cirkni^ without regard eitiier lo age or sex, go mostly quite naked 
into the lake, and look for fish among the weeds and sedge, and 
in the smaller pita; and many creep into ihe subtenraueous caverns 
and passages, and find many large fishes there. 
, There are, besides these, some other pits io the lake, in wliick 
tbey fish likewise, as also in Malakarlousa and Telka-karlouza ; i» 
koth these they go fiur under ground with lighted torches and find 
fish. In Telka-bobnam one maygo ia at great lioles, and descend 
many fathoms under ground, lliese two names Velka and Ufala- 
bobuaraa signify in the Carniolan tongue the greater and lesser 
drummer; nor is it without reason that these pits are so called: for 
when it thunders,' there is heard in these two pits as it were the 
sound of many druqis beating. 

The two pits Narte and Piauze are never emptied, but always 
remain fenny, when the rest of the lake b c^uite dry. It is believed, 
that in these pits the fi^li lay their spawn, and therefore it is pro- 
hibited to fish in them. In them b an incredible number of horse^ 
leeches* These often stick to the people in the fishing time, some 
of them bemg dispersed all over the kike, and the method they 
lake to get them ofi* is to get some other person to make water upon 
Ihe leech, which makes it let go its hold. 

There are in the mouutaiii near the lake, but sometlring higher 
than it, two great and terrible stony caves, which, though far dis« 
taut from each other, have yet the same eifect, viz. when it tliuu« 
ders, these two caves emit water with a wonderful and incredible 
force, and with it sometimes a great quantity of ducks with some 
fish. It is not to be wondered that the lake fills so fast, for eonsi* 
dering the violence with which the water rushes, it b like a great 
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vrver; this cave being a fathom wideband higher than a man. It 
, ii ilangenias to ciiier into this cave, because the waters come so 
BD(ltlenly> that it is tometimes impossbie to eK^e tJiem. 

When it raioi moderately, the water spoats uiili great violence 3 
ar 3 fathoms peqwadiculatly out of the pits Kuteu and Kesleuza, 
It comes likewise forcibly out «f Ihe spruig TreseoK, u likewiic out 
4)f Velkiobercb, bringing with it at this hitler abundaoce of fiiili, 
and some dHcki. But when it rains very faai-d and long together 
especially wittt tliunder, then (be water breaks out with very great 
force, not only from «ll (be aforesaid pits, holes, and caves, but 
likewise at several thousand other little Jioles, which are all over the 
beftoai of the lake, aad which, when tite lake is dry, drnk wp thi 
w.Heis of the eij;lil rivulets that run into it, spoutiug several £itlioBf 
ii\sh, from some perpemlicularly, froa others obliquely, maldog « 
M:ty pleasant sight. And out of the pits Vodbiios, ReKhetow *ni 
«iimc ollicr«, having great boles at the bottomi there comet with 
llic ivaler a great <|uanlily of fish, in case of great rains, the eight 
rivulets Tunning into it are likewiw much uicreased ; so that, all 
lliiiigs cuncumng, thb hike iu 24 bovra time will, from quite dry, 
be full of water, aa4 wntetimes in 18 houn; Ihqngh at other limes 
it Iia* been known to be 3 weeks in filling: but it is a o 
ohsenalian, that thunder helps mach to fill it speedily. 

This l^ke, biin^ thas by turns wet and dry, serves the it 
fiu many purposes. For finl, while it is full ot water it draws to 
it seretal sorts of wild geese and docks and other watet fowl, as 
herons, swanii, &c. wbicb may be shot, and are very good meat. 
Next, as soon as the lake is emptied, they pluck up tbe nubet aa^ 
weeds, tthtch make excellent litter for cattle. Twenty days afler It 
■* fblly dry, tbey cut n great quantity of bay upon iL At)er Ibe 
bay )■ off, they plough it and sow millet, which sometimes by tbe 
too sudden coming of the water is destroyed, but it generally comes 
to maturity. While the millet is on the ground, they catch a great 
number of quaiU: Tbe millet being off, there is a good pasture 
for callle. When tlte lahe is dry, there ia great variety of hunting; 
as there comes oat of neigbbouriug woods and mountains plenty of 
bares, foiei, deer, swine, bears, &c as soon as the water is gone. 
When it is fall, one may fish in it. In winter lime it will be so 
firmly frozen as to bear all sorts of carriages, which is a great con. 
«eiiieuce to tbe people to fetch their wood and other oecessuies, 
H 3 
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Lastly,, at the time when the water goes away, it yields great abun- 
dance offish, as beforesaid* And that which is most wonderful is, 
tliat all this comes to pass in the same place, and the same year, viz* 
if the lake be early dry, and it fill not too soon ; but it is to be noted, 
that the hay does not grow, nor is the millet sown all over the lake, 
but only in the morie fertile places. 

ii *fh<^i'(are only three sorts of fish taken in this lake, which are 
very well tasted. They are the mustela fluviatilis or eel.pout, some 
of them weighing 2 or 3 lb. ; .tench, some of them weighiug 6 or 
7 lb*; and thirdly, pikes, in very great plenty, of 10, 20, 30, aitd 
9ome of 401 b. weight ; in the bellies of these it is common to find 
whole ducks. Crabs are found no where but in the pits Kaniiue 
and Sueinskajaroma. 

The cause or rather modus of all these wonderful phenomena m 
the lake of Zirknitz^ is probably as follows. There is under the 
bottom of the lake, another subterraneous one, with which it com- 
municates by the several holes described ; there are also some lakes 
under the mountain Javomik, whose surface is higher than that of 
the lake Zirknitz. This upper kike is perhaps fed by some of tJiose 
many rivers, which in this country bury themselves under ground, 
and has a passage sufficient to carry the waters they bring unto it ; 
but when it rains, especially ii^ thunder showers, which are the most 
basty, the water is precipitated with great violence down the steep 
valleys, in which are the channels of these rivulets ; so that the 
water in tliis lake, being increased by the sudden coming in of the 
rains faster than it can enrpty, swells presently; and finding several 
boles or caverns in the mountain higher than its ordinary surface, it 
runs over by them, both into the subterraneous lake under that of 
Zirknitz, into which the water conies up by the several holes or pits 
in the bottom of it, as likewise by visible passages above ground. 

That some of these passages bring fish, some ducks and fish, 
others only water, seems to depend on the position of the inward 
mouths of these subterraneous channels; for if they be so consti- 
tuted as to draw off the water from the surface of the upper lake, 
on which the ducks swim, they must needs be drawn away by the 
stream into these caveras, and come out with the water ; but if the 
channels open into the upper lake under the surface of the water, 
and from thence ascend obliquely for some space before they come 
to descend ; then the water they carry is drawn from below tht 
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lurfac*, and cooaequenlly can bring with it no ducki, but onty lish. 
Those pits wliicli \iel() only water niaj well be sup|>osed to be led 
by puugei loo dbitdw to let the fiab pau, though their mullitude 
may make the quaDtity of water Ibey emit to be very coDsiderable. 
The manaer of the felliDg away of the water or emptying of the 
kke ] lhu> explain : After a lung drought, or want of raio, all the 
apriogs that feed tbe upper lake under Javomik ar« mucbdimiuisb- 
ed; so that waatiag fresb supplies it cesses to run over by the 
aeveral channelB ; hence the lake of Zirknks, and that under it are 
fed only by the eight rivulets that always fall into them ; and then 
tbe water draws off liuter than it coines in, both by the chaoDcIs of 
Malft and Velkakariouza, u also by a concealed subterraneoiu 
patiage out of Ibe under lake, which latter alone is able to <raiisniit 
iDOfo water than the said eight rivulets afford. Consequently tb* 
lake must sioki and that in a certain proportion of time, dependii^ 
•B the qnantity of water to be evacuated, compared with tbe eicea 
of that which runs out above what enters it, in tlie same time. 
Those pit* that are higher atv soonest dry, the lower latest, and so 
come to be emptied in the order above dascribed. And when tbtf 
lake ii ali dry, then the said rivulets soak by several «eiy littltf 
holes in tbe bottom into the under lake, and aH ibcir walei it caiy 
rird away by the subterraneous pauage. 

The ducks so often menliuned, and which are cast out with tbe - 
wiUer, are generated in the take uoder the monntain Javomik ; whea 
they first come out, they ^wim well, but are stark blind, and hava 
00 fealbers on Ihem, or but few, and llierefore are easily caugbtt 
but in 14 days time they get feathers, and recover their sight jet 
■eoner, and afterwards fly away in flocks. They are bhck, mly 
white OD the forehead ; their bodies not lai^e, resemhliug onliatry 
wild-ducks, and are of & good taste, but too fat, having near aa ranch 
fat as lean. I killed some of (hem as soon as they, had been cast 
out at Sekadulse; and opening tiieir bodies, I found in tbem 
much sand, and hi some few small fishes, in others green stuff like 
grass or herbs ; which was the more sltauge, becaiite I never found 
any green thmg growing in any of tbe subterniiieous grottos or lakfs 
in Carniola. Almost every year, at a hole in the niounlain called 
Storseg, about half a German mile from liie lake of Zirkuilz, near 
the town of Laas, whenever there liappen great floods of rain, this 
H 4 
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soil of dttoka » cast out in great aboadancey bj the wattr gashini^ 
out witk much force. ^ 

[Favaiar^ Phil. Trofu, 168?.] 



sserioN V. 

BrBELING^ TEPID, AND BOILING SPRINGS t* 

1. Introduttory Remarks. 

- HEAT, water and Tapoun» of various kkkby exist m prodigioiv 
quantities beneaUi the surface of the earth ; and frequently, as wa 
have already seen m tlie pheDomena of volcanoes and earthquakes, 
liurst forth from enormous jaws or openings, and with tremendous 
destruction. It often happens, however^ that the o|)emngs are small 
and porous» und that the heat or vapours that ascend through tliem 
only ascend in a state of union with water. Aud hence, that almost 
infinite variety ai the characters of those fountains and lakes that are 
ftiuad to be combined with eatraordinarv materials, la some cases 
the elastic {;asses or vapours ascend from «pecific levity alone» and 
destitute of all taste and odour; and we have met with springs thtt 
bubble without boiling, or betraying heat or any other foreigpi 
property. At other times, they are strongly impregnated with 
heat; and are then either tepid or boiling, according to the pro- 
portion of extricated caloric they contain. Anu occasionally, 
whether hot or cold, they are intermixed with metallic, sulphurous, 
saline or other substances, and hence assume the name of mineral 
waters : while if the substance thus dissolved be combustible, aa 
naphtha, bitumen or turpentine, the fountain will often iufiame and 
burn upon the application of a lighted torch. 

U|>on this subject many of the observations o^ered by Dr. Taa* 
cred Robinson in the Philosophical Transactions, are worthy of at* 



• There is another, but a less scicnfiAc account of the same teke^iyen in th* 
salkie jdurnal, by "Dr. Brown, Vol. IV. jear 1669.— The reader will also meet 
V!\\\i other Instances of ebbing and flou in;:; waters in the ensuinfi: seclt(>n< ; and 
r«|>ccinl1y in section x, Introductoi^ remarks; and seotionzi. Lake Jezero* 

f I* or otLcr m&lanccsy the reader may turn to the two casttiDg:scctiwBS. 
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tention, and especkillj llie following, wlikh we copy from the 
afifidqcd ctlitiuii*. 

" Tlie wiilvr of llie noled bailing fuiinlaiii at Pcroul, m-ar Monl- 
pelier, t» obMWed to btme and boil up wery furiously in snull bul^ ' 
Mn; wlitch manifestly pTowed from a vapour breaking out of the 
earth, and nishing-through the water, so as to'tbrow it up with 
DotM, and in many bubbles ; for upon digging any where near ibe 
dttcb, and pouring other water on the dry place newly dug, the 
•ame boiling is immediately observed. The like bubbling of water 
b siso found round about Peroul on'tlie sea shore, and in llie Elang 
hwltl 111 ordtr (6 discover t&e cause of this odd phenonKnon, Dr. 
Robimtfn took soqe of the sand aiid earth out of the fountain and 
ditch, pttrrihg if into vessels, and pouring »oine of the same water 
bpon- ft, there did not appear the least commotion or alteiatioai 
the surfiice of the water cOntitauing very nnootfa, equal, and qtiiet. 
On fiirtber March, be diacovered in several dry places of the grouod 
thereabouts, many small veati^ducts, passages, or clefls, where the 
■teai* bsued forth; at the mouth* of these pipes, placing »0fAe 
light bodies, as feathers, small lliin pieces of straws, leaves, &cl 
they were idon removed away. This vapour, on the application rf 
ajighted candle or torch, did not flame or catcb fire in the least, ai 
the fumes running through a boiling spring near Wigao in Lanc*^ 
sbire do, ai noted iu the Riilos. Trans. N" 36 ; so that here we hn* 
two difiereut sorts of steams causing these boiltags, ytX neither of 
tte fbuutains are medicinal, . nor so much as warm : the like is te> 
kted by Vareuius, near Culm, and by Dr. Ffott in England. Then 
are other boiling waters, of a quite contrary temper, being actualljT 
hot to several degrees, so as to boil eggs and many oilier things, pat 
fbtoHiem; as those near tlie Solfatura not far from Naples; asalas 
OB the top of Mount Zehio in the Duke of Modena's territories 
not &r from his villa near Sassolo ; and- In the source of the Em- 
peror's bath at Ai'k la CliB|>elle, in the ducliy of Juliers. Varenius 
letla us, that in Japan there bursts out a boiling spring, so hu! that 
uo water can be heated so mucb by the strongest fire; tiifit it re- 
tains its heat three limes longer Ihaii common water; and' that it 
does not flow continually, but for two hours each flay ; and then 
the force and violence of the vapours are so great, that they remove 
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hfge stones» and imite then to the bdght of 3 or 4 dbf with a 
noise like tlie explosion of a great gun. 

FKNn the foregoing history^ wo may take occasion to reflect a 
little^ on the variety of exbalatioot prepared in and fljping out Irom 
the vast sabterraneous magashies and repositories* as to their qua* 
lities and effects, some being cold and dry, resembling air or windt 
as those near Peroui, and in tht caverns of mountains, especially 
those of £oliis, and other hills of Italy, as also in mines; others 
are inflammable, and of & bituminous nature, though not actually 
warm, as those near Wigan in Lancashire ; there are also many 
steams very hox« sulphureooi^ and saline, more especially those in 
the natural stoves, sweating vanltSj groti, baths, and the volcano! 
near Naples, Bajse^ Cuma, and Pttiiuolo> as also in some of th$ 
subterraneous works at Rome; others there are of an arsenical and 
such like uoiioua qualities, as in the Grotta del Cane, on the bank 
' of the Mgo Agnano ; in several rnmes, and in p(usonous spruigs 
and lakes. Now these various steams meetmg with, and running 
through waters, must cause a great variety of phsenomeoa and 
cftcts in them." 

Many of these depend obviously; upon the agency of vo]canos» 
and are immed^teh connected with them. There are many hot 
springs, however, whose temperature is too equable, and which 
occur at too great a distance from any known volcanos l^o be pro- 
duced by them. '^ Thus the hot-spring at Bath,** observes Dn 
Thomson % has continued at a temperature tigber than that of the 
air for a period not less than 2000 years ; yet it b so far from any' 
volcano, that we cannot^ without a very violent and improbable ex* 
teubion of volcanic tires, ascribe it to their energy. There are va« 
rious decompositions of mineral bodies, which generate considerable 
heat. These decompositions are usually brought about by means 
of water ; or, to speak more properly, water is itself the substance 
which is decomposed, and which generates heat by its decomposi* 
tion. Thus, fur example, there are varieties of pyrites, which are 
converted into sulphate of iron, by the contact of water, and such 
a change is accompanied by an evolution of heat. Were we to sup- 
pose the Bath spring to flow through a bed of such pyrites, its heat 
might be occasioned by such a decomposition. Such, probably, is 



• History of the Royal Society, b. I. ch. iii. 
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tlie may m which tboie mineral springs, that conliiiii sulpliureted^ 
liydrogtn gMs, receive ibeir inipifgnalioii. Bui we are pretty cer- 
iHiii, ibat sucli H Eiipposilion vill not ■[>ply lo Bath waters first, 
because il duesuot coulaiii the notabiequauiily of sulplialc of iroiij, 
wliicli would be neceiiiury upon such a aupposition ; and, lecoudlj, 
becituw iunluaj of sulpluireled hydrngen gaa, which wnuld infill libly 
result from such a decomposiliuii of pyritesi, there is au evolutiofi 
of azotic gas. This evoluliou uf azulic gaa, buwevcr, is a decisive 
proof iliat the heal of Bath waters is owing In some decomposition 
vr other, which tukcs plact: wilhln the surface of ihe cartli ; Ihuugh, 
ffotn our imperfect acquaiulance wilb the nature of the mineral 
straia, tbroujjb ivhich the water flows, we caiiuol give any satisfdc 
tpry inforuialioii about uhat that decomposition actually is." * 

- EoiTOK. 
«. On the TemperiUure of the Earth below the Surface, in re. 

gardlo Springi and Htlli, and espccialli/ ihose of Jamaka. 
By John lluiiler, M.U. F.K.S. 

" The gmt difierence, sajs Dr. H. between the lempemturc of 
tbe open air, and ibit of deep caverns ur mbes, has lung been tdken 
obtice of^ both as matter of curiosity and suipiise. After ibermo: 
meters were brought to a tolerable degree of perliection, awl oielea- 
rological registers were kept with accuncy, it became a probleu^ 
to delermine what was the cause of tltts difference belweeu tfae beat 
sftbeairand the beat of the earth; for it was soon fuund that tbe 
teapentdire of mioei and caverns did iwt depeud on any ibing pe> 
caiiir to llwm; but that a certain deplta under ground, witetfaer 
m a cave, a mine, or a well, was sufficient Iq produce a very aeo. 
:flbie difiereiice lu (be heal. In observations of tlii« kiud, there was 
pertiaps notbing more striking, than that the heal in such caves w« 
■early tbe same in sunimer and winter ; and tbis even io changeable 
climates, tbal admitted of great variation between the extremes of 
beat in summer, aud cold in winter. '1 here is an example of this 
.in liic cave of the Koyal Observatory at Paris. The ex|) I an at ions, 
which have been attempted of this phKiioinenuji, have turned chiefly 
,00 a supposilign, that there was an inlernal source of heat iu the 
earth itself, totally iudependent of the influence of tbe sun*. M. 
de Mairau i>as bestowed much labour on this subject, aud by obser- 

• Vid. Hutine's Uuays, p. 9I«. 
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nation aod calculation n led to conclude, that of the 1026^ oflieat, 
by Reaumur's scale, which be fiuds to be the heat of summer it 
Parb, 34^02 only proceed from the suu> and the remaining y9i^9» 
from tlie earth, by emanations of heat from the cent re *. The pro- 
|K>rtioo therefore of heat derived from this latter source is to that 
ef the sun, as 2Q,l§ to I. It must be evident that an hypothesis 
of thb kind, which renders the influence of the sun of small ac. 
count, is directly contrary to tlie general ex|)erience and conviction 
of inankind. Without entermg however into any discussion of the 
data froni whence M. de Mairan draws his conclusions, it will be 
more satisfactory to consider what would be the effect of the opera* 
tioo of those laws of heat with which we are acquainted. 

And first, it b well known, tliat heat in all bodies has a tendency 
to difiuse itself equally through every part of them, till they be- 
come of the same temperature* Again, bodies of a large mass are 
both cooled and healed slowly. Besides the mass of matter, tliere 
are two other consideralions of much importance in the slow or 
quick transmission of heat through bodies ; these are their different 
conducting powers, and tbeir being in a state of solidity or fiujdihr. 
The conducting powers of beat are well known to be very various 
in different bodies; nor are they hitherto reducible to any law, de* 
pending either on the density or chemical properties of matter. 
Metals of all kuids are good conductors of heat, while glass, a 
'lieavy, solid, homogeneous body, is an extremely bad conductor,' 
even when a metallic calx enters largely into its composition, as in 
flint-glass. A state of fluidity greatly promotes the diffusion of heat ; 
for a body in a fluid state, by the particles moving readily among 
each other from tbeir different densities or other causes, mixes the 
warm and cold parts together, which occasions a quick commu- 
nication of heat. To apply tliese observations to the present sub« 
ject; the surface of the earth being exposed to the great heats of 
aumnier, and the colds of winter, or more properly the low degree 
of heat of winter, will receive a larger pro[)crtiou of heat in the 
former season, and a smaller in the latter; and being further of a 
large mass, and of a porous and spongy substance, and therefore 
not quickly sensible to small variations of heat, it will become of a 
lucan temperature at a certain depth, between the heat of summer 
and the cold of winter, provided it contain no internal source of 

« Mrmoir dc TAcad. dcd Scleucci^ An. 1719 ct 1765. 
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IiMrt williia itself. TkU cancluskiit a itiictly agreesble to the expe* 
ilmenit anil observatiom hitherto made, in lie[iiiii<; and ctHiliiig hom 
d)rs, or ill iiiiKing portions ol' matter of the samr kind of liiftereal 
Irniperuliim *• Water, though iu a lar<;c maiis, follows iii some 
tt«gree the heat anii coltt of aitr suiinuer antl winter, from the tno^ 
liility of its parts occa.aoiiiiig a more speedy dilTustcKi of heat. Air 
is quickly susceptible of hcul, aoil iVom the e:ipansions protluc^tl im 
is, and consequent niolioas in the whole mms, the teuiperatutc is 
soon rendered unirorm. 

The changes in llie heat of the air are what we have measured* 
and vc ire ta be aiMlentood to speak of them, whea we talk of 
Ibe tempenliw "^ Miniiner and of winter, Ir may be asL«l tbe^ 
h tbe beat of the.iuo 6nt oormuiHiicated to the air, and tlwoce t» 
Ibeearlb? No, tbe ajr ii susceptible «r a veijsiDall degree ^bcat 
-Awn the ra^ ot the mn patting throiigk it ; for it is well Iumwb 
^t tliej produce do heat io a transparent niediiHB, and cona^ 
queatly, tbat tbe air is ool] to tai> healed as it diflera from a Me- 
dium tb&t i* perfectly transparent. The heat produced by the fays 
of the iitD bears a proportion to their ninnbcr, their duratkn, and. 
their angle of incidtnce : and it lakes place at the pouits where tbej 
strike an opaque and uon.reflecling surface. The surface of tbe 
earth may therefore be considered as the place from which ^tlK beat 
proceeds, wbich is communicated to the air abore, aad the feartb 
below. Tiiat this is really the case, is evident from the superior 
degree of heat produced by the action of Ibe rays of (he sua on an 
Opaque body, which will oflen be heated to 1 30* of Fahrenheit^ 
wliile the temperature of tbe air is not above 90° t. It may seem, 
,lfaer«fore, that to meaiure the heat communicated to tbe earth, it 
•bould be done at tlie surface, where tlie action of the rays i»ne. 
diately talcs idace. But iliough Ibe heat be produced at the sur. 
Ace, it is Gonuuunicated freely to tbe air as well as the earlli ; and - 
Ihougli the apparent intensity of beat be greater in tbe earth, from 
the rjys of light acting for a longer time on the same pans of mat- 
ter, yet, there is little doubt that much the greater part is carried off 
by the air, whidi at it is licated flies off, and allows a fie»li porliou 
of cold air to come in contact with the heated surface. But still il 

<• De Luc HodlBcalioni de rAtmaiphcrr, vol. 1. p. Sfii. 
i Alaitint't £m)'], p. 309. 



tld SPKlNOSy KrVBSS, CANALS, LAKGS, 

is imraaterial) whether the heat of the sun be excited more in the 
earth or in the air ; for whichever has the larger proportion will in 
the end communicate a part to the other, and so restore the balance. 
The sauie observation applies to such causes of cold as may operate 
at the surface of the earth, as evaporation, &c. The air therefore, 
near the surface of the earth, will show by a thermometer in the 
shade nearly, if not exactly, the same degree of heat that the sun 
communicates to our terrestrial globe ; and if a mean of the heats 
thus shown be taken for the year round, and we penetrate into the 
earth to that depth, that it is no longer affected either by the daily, 
monthly, or annual variations of heat, the tem|)erature at such depth 
should be equal to the annual mean above mentioned. To ascertain 
this with the utmost precbion, it must be obvious tlia> numerous 
observations should be made every day, corresponding to the fre« 
quent changes of temperature, which are known to happen in the 
course of 24 hours in all climates ; and on these a daily mean should 
be taken, anci the annual mean deduced from them. This has not 
yet been done, but where we have observations from which a mean 
temperature can be deduced with any degree of certainty, it will be 
found not to differ greatly from the heat of deep caves, or wells in 
the same climate. 

For obtaining the temperature of the earth, th^ best observations 
are probably to be collected from wells of a considerable depth, 
and in which there is not much water. Springs issuing from the 
earth, though indicating the temperature of the ground from which 
they proceed, are not so much to be depended on as wells; for the 
course of the spring may be derived from high grounds in the neigh, 
bourhood, and it will thence be colder ; it may run so near the sur. 
face as to be liable to variations of heat and cold from summer and 
winter ; or it may be exposed to local causes of heat in the bowels 
of the earth. Wells seem also better than deep caverns, for the 
apertures to such are of^en large, and may admit enough of the ex- 
tenial air to occasion some change in their temperature. Wells are 
not however to be met with in all places, and in thai case wc must 
remain satisfied with the temperature of the springs. 

Tlie following observations were made in the island of Jamaica, 
where there are flat lands in many parts towards the coast, but all 
the interior part of the country is mountainous. The heat is greatest 
in the low lauds, and decreases as you ascend the mountains. The 
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.town of Kii^oD is tnpplM vM water from wdls. The groaoJ 
on which it stands rises with a gentle ascent as you recede from the 
sea. In tlie low part of the town the wells are but a few feet deep, 
and many of them brackish. The heat of the water in some of 
tbem I have found as high as 8^^; but they were evidently too n^ar 
the surface not to be affected by the heat of the seasons. As yoa 
ascend, the wells are deeper, and the temperature is nearly 80^ in 
all of them. What variations there are, come within 1°, that i8» 
half a degree less than 80^, or half a degree more. They are of 
different depths, and some not less than 100 feet ; though, after 
they are of half that depth, the temperature is nearly uniform. At 
the Governor's Pen, which is also in the low part of the country, a 
well, which is above OO feet deep, is jg^^. There is a well at Half, 
way-tree, 243 feet deep, which h 7S^» Half-way-tree is two miles 
from Kingston, with a very gentle ascent. Near Rock-Port is a 
spring, immediately at the foot of the long mountain, which throws 
out a great body of water ; the heat of it is 79°* All the places 
mentioned are but very little above the level of the sea, probably 
not more than the depth of the wells at the respective places ; for 
near Kingston there are springs that appear just below the water* 
mark of the sea, and those that supply the wells are probably on the 
tame level. 

The temperature of the air at Kingston admits but of small va^ 
riatioD. The thermometer, at the hottest time of the day, and 
during the hottest season of the year, ranges from S5° to goP; in 
tihe coolest season, and observed about suu.rise, which is the coldest 
time in the 24 hours, it ranges from 70^ to 77^* ^ have seen it 
once as low as 69% and two different times as high as 9!^ The 
annual mean temperature cannot therefore either much exceed, or 
fall much short of 80°, as indicated by the wells. 

The following springs were examined with much accuracy by the 
Hon. Mr. Sewell, Attorney.General of the island. Ayscough's 
spring, on the road from Spanish Town to Puse)*s, in St. John's 
parish, 75^ Pusey's spring, still higher in the mountains, 7H°* 
A spring near the barracks, at Points hill in St. John's parish, 7Q9. 
The thermometer in the shade at Pusey's, during part of the 
month of June, was found to range from 6g^^ to 79i^. It was 
observed both late at ikight and early in the morning before sun-rise. 
The spring in Brailsford Valley, about 10 miles above Spanish 
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Town* is 7^^ The qpring at Stone; Hill Ss 7i^ These were ex« 
amined by Mr, Home. 

Mr. Walien^s house> at Cold Springs stands the highest of any 
in the bland. By a measurement said to have been made by Mr* 
BI'Farlanei it b reported to be 1400 yards above the level of the 
aea» On the road to it» and about a mile below Mr. Wallen*s 
bouse, there b a spring tliat issues from the side ot'lhe bill, of tlie 
temperature of 65^. Cold Spring, which gives a name to the place» 
It about 50 feet below the house» and tlie heat of it is 6lf^. The 
Ihemiometer in the shade at Mr. Wallen*s house, for some days^ia 
the month of April, ranged from 57^ to 67^ It may be remarked* 
that the higher the springs the colder the air; and as far as a cod« 
jectore can be formed from so few observations* they would ap-. 
|iear not to difier much from the mean temperature of their respec* 
live places. 

It will not be out of place to add some observations inairlc in 
England, relative to the same subject. The wells in and about 
London are either of no great depth, or. are full of warer, which 
are both considerable objections to tlieir giving a mean tempera- 
ture. The want of depth will make Ihem subject to the variations 
of the seasons; and a large quanti/y of water, even in a deepwell^ 
will take the temperature of the air more or less : for any change 
of temperature communicated at the^surfiice will* from the fluidity 
of the water, be readily diffused through (he whole. It is proba* 
bly owing to this cause, that the wells in the neighbourhood of 
Brightheliastone vary from 5CP to 62°, for those were the highest 
that had the most water in them. The observations \iere made io 
summer. These wells are of various depths, from ] j to 150 feet. 
That which is always found the coldest is not more than 22 feet 
deep ; its heat was never greater than Sff'* It is uear the beach, 
and is a tide well, that is, the water in it rises and falls, and 
yet does not correspond exactly with the tides, but follows them 
with an interval of about three hours. At the lowest there is not 
more than a foot of water in it ; and it mviy he considered as a 
subterraneous spring running through the bottom of the well. 
There are in fact numerous springs that break out on the sand, a 
few feet above the low-water mark, which are doubtless the same 
that supply the wells. As we are lu^t ac<|uainled with any cause 
that produces cold in the bowels of the eaith, we must ueces-sarily. 



-l»fNKiyciiriMt«, cattMer Ike lcm«lft dcgfit aClMil «• agipp^^ 
mmnU to tbe mean temperature; mad tlieiefiiieim.caqiiot eo»« 

.ehide the memi temperature at Brighthelmstooe to be more ti|an 
50^ The mean temperature of London is computed fibpnt 50?; 
Brighthelmstone h nearlj 50 miles farther south than Loiidoii» and 

"^'ia immediately on tbe sea, and must therefore be a| least as warm 
m» London. It is evident, that the observations from whiah tiye 
mean is taken, must generally containr more of tbe ejUrennes of 
beat than of eold^ as the former happen iu the day.timc^ and tbe 
iatler in tlie n^ht, in consequence of which they will often eicape 
notice. There b a table, next following this paper, constructed by 

. ]>r* Heberden, expressing the heat iu London for every month in 
tlie year, from a mean of ten year^, beginning witb 1763, and mi4* 
log with 1772. The mean temperature is given both at 8 A. if. 
smd 8 p. M. There it furtlier in the table, a column of the mean 
of the greatest monthly colds iu tbe night, observed during the 
4ame 10 years by Lord Charles Cavenduh, in Marlborough*atre^. 
There will not probably be any great error in considering the beat 
observed at -2 p. m. as the greatest dally ^eat; and taking a mean 
between the greatest heats of the day, and greatest colds of tbe 
night, they give 4g9.l96 for an annual mean, which it much lower 
than is commonly supposed. At the bouse of George Qlemiy, Esq. 
-near Bromley, there is a well 75 feet deep^ which in November 
ivas 49^^ M. de Mairaa has given a table of the greatest beats 
•ttd greatest colds observed at Paris for 56 years, beginning from 
J 70 1; and a mean of them is 10* above freezing, or 1010^ of 
Bduimur's scale*. The temperature of the cave of the ObserviH. 
tory where those observations were made, is 10^* above fjeeaiiig» 
.by tlie same scale of Reaumur. There appears not ther)|i(bra any 
•necesuty for an internal lieat; on the contrary, it is matter of dt« 
monstratlon, that were there any source of heat in the earth 
which was not equally iu the air, the heat of the interior parfs 
ought to be higher than a mean : and if the central heat bore as 
high a proportion to that of the sun as M. de Mairan alledges, the 
beat of tlie earth itself ought to be a great deal above the mean tem- 
perature of tbe air,wlucli from observation there is no ground for 
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U Hk hht. If htwj to* tee the souice of M. de Mairan's trror; 
* be has feunded bis cakulatidw on the scale of Reaumur, and co«« 
aiden the degrees of hb thermometer as marking the real propor* 
tkms, and abtokite quantity of heat. It is a matter that cannot 
be denied, that we know nothing of tlie absolute quantities of heat; 
and that the degrees of the thermometers are only to be considered 
ts a few of tlie middle links of a chain, the length of which we are 
totally ignorant of, and therefore in no condition to compare Us 
proportioDal piirls* It deserves howefer to be remarked, that the 
observations of a late date have shown, that the notions of cold on 
which Reaunui^s scale was constructed, and on which M. de 
Blainn's calcnlations are founded, are imaginary aind without iboa* 
datioB. 

The aea admits of change of temperature more July 63|* 
quickly than tlie eaith, particularly near the shore. Aug. 69|' 
The mean heat of [the aea at Brighthelmstone, dur. Sept. 58^ 
ing the montiis of July, Aug. Sept. and Oct. was as OcL $a^. 
annexed: 

The welW at New York are ftom 32 to 40 feet in depth, and 
Dr. Nooth ftund them to have an annual variation of 2^, from 5^ 
to 56** There are few countries, in which the annual rai^ of the 
' thermometer is greater than at New York, and the neighbooring 
farts t>f America. In the summer it is often as high as gSP^ and 
in winter it has been observed several degrees below the sero of 
Fahrenheit's scale. On the whole, we may, from all the observa* 
tions we are yet in possession of, conclude, that there is at present 
no source of heat in the earth, capable of affecting the temperature 
of a country, which is not derived from the son ; and that the earth 
whatever changes of temperature it may be conjectured to hato 
undergone in former periods, is now reduced to a mean of the 
heat produced by the sun in different seasons, and in different 
climates. IPhil. Trans, jitr. VoL xiu 

3. The Caldeira of St. Michael. 

To this island we have already had occasion to allude to on 
another account. We shall now return to it in order to describe 
it» tepid and hot springs, which we cannot possibly do more cor« 
rectly than in the following extract from a paper of Mr. Francis 
Mai son, inserted in the Journal of the Royal Society. 



About fiHir leagtes noiih*taal. irom Villa Fnoca lies a plaoa 
called the Furiia.% being a round deep vMey in the aiddle of the 
^ast part pf the island^ surrounded with high mountaios» which 
though steep, may be easily ascended on horseback by two roads. 
The valley is about five or six leagues in circuit ; the face of the 
mountainsy which are very steep, is entirely covered with beautiful 
evergreens, viz. myrtles, laurels, a large species of bilberry, cailedi 
ova de serra, or mountain grapes, &c. and numberless riTulets^of 
tbe purest water run down their sides. The valley below is well 
cultivated, producing wheat, Indian corn, flax, &c. The fields 
•re planted round with a beautiful sort of poplars, which grow 
joCo pyramidal, form, and by their careless, irregular disposition, 
together with the multitude of rivulets, which run in ail directlOBt 
through the valley, a number of boiling fountain^ throiring up 
douds of steam, a fine lake in the 80uth*west part about two 
Htigues round, compose a prospect the finest that can be imagined* 
lo the bottom of the valley the roads are smooth and easy, theia 
being no rocks but a fine pulverized pumice stone that the earth is 
composed of. 

. Thene are a namber4>f hot fountains in diflferent parts of the 
valley, and also on the sides of th^ mpuntains: but the most re» 
markable is that called the Caldeira, situated in the eastern part of 
the fal^y, on a small eminence by the side of a river, on whieh is 
a bason about 30 feet diameter, where the water continually boilf 
witb prodigious fury. A few yards dbtant from it is a cavern is 
Ihe side of the bank, in which the water boils in a dreadfiil manner^ 
Iblowing out a thick, muddy, unctuous water, several yards from 
its mouth, with a hideous, noise. In the middle of the river art 
attend places where the water boils up so hot, that a person casr 
SMt dip his finger into it without being scalded ; also along its 
banks are several apertures, out of which the steam rises to a con- 
•iderable height, so hot that therp is no approaching it with one's 
.2:and : in other places, a person would think, that a hundred smiths' 
bellows were blowing together, and sulphureous streams issuing out 
iu thousands of places, so that native sulphur is found in every 
chink, and the ground covered with it like hoar frost ; even th^ 
•bushes near these places are covered with pure brimstone, condeu^ 
ing from the stream that issues out pf the ground, which in mai^ 

aihiccs is covered over with a substance like burnt alum. Iq these 

* . ■ « 
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small caverns wliere tbe steam issues ouf, the people oflen 6oiT 
tlieir yam^ Cmhames). Near tliese boHbg fountains are severe! 
mineral springs ; two, in particular, whose waters have a very strong 
mineral qtiality» of an acid taste and bitter to the tonji^ue. 

About half a mile to the westward, and close by the river side, 
are several hot springs, which are used by sick people with great 
success. Also on tlie side of a hill, west of St. Ann*s church, are 
many others, with three bathing houses, which are most commonly 
used. Tliese waters are very warm, though hot boiling hot ; but at 
the same place issue several streams of cold mineral water, by which 
they are tempered, accordbg to every one*s liking. About a mile 
south of this place» and over a low ridge of hills, lies a *fme Ue 
about two leagues in circumference, and very deep, the water thick, 
and of a greenish colour. At the iforth end is a ptaip piece of 
ground, where the sulphureous streams issue out in many places, 
attended with a surprising blowing noise. The other springs im« 
mcftiately form a considerable river, called Ribeire Quente, or hot 
river, which runs a course about two or three leagues, through a 
^deep rent in the mountains, on each side of which are several places 
where the smoke issues out. It discharges itself into tbe sea- on the 
south Side* near which are some places where the water boils op at 
some distance in the sea. 

This wonderful place had been little noticed till very lately ; sa 
little curiosity had the gentlemen of the island, that :«carcely any of 
them had seen it^ till of late some }>er8ons afflicted with virulent 
disorders, were persuaded to try its waters, and found immediate 
relief from them. Since that time it has become more and more 
frequented ; several persons who had lost the use of their limbs by 
the dead palsy have been cured ; and also others who were troubled 
with eruptions on their bodies. A clergyman^ who was greatly 
afflicted wifii the gout, tried the said .waters, and was in a short 
time perfectly cured, and has had no return of it since. Several 
old gentlemen who were quite worn out with the said disorder, were 
using tlie waters, and had received great benefit from tliem; ia 
particular, an old gentleman about 60 years of age, who had been 
tormented with the disorder more than ^0 years, and often confined 
to his bed for six montlis^ogether ; having used these watc^ abont 
thee weeks, had guite recovered the use of his limbs, and walked 
about in great spirits. A friar also ulio bad been troubled ailh 
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Ibe nid diiofdcr about la yein« and ledMed to a crip|4e» bj uung 
jUicin a sliort time was ^uite well, and went a hmiting ever^ duv. 
Tbere are several, other hot springs in the ialand, particukrl^ at 
Ribeira Grande; but they do not possess the sanie virtues^ at least 
not in so great a degree. [PhiL Trans. AbriJ. 1778. 

4. Hoi Springi in the District of Troas. 

ArrEK having passed the ford, we gallopped up to the Aglia's 
mansion at Bonarbashy, the name of wliicli place, literally trans- 
lated, signifieii * The head of the springs ^/ Inimediately oti my 
arrival^ I hastened to them, keeping a thermometer exfKised and 
pendent the whole way, as the sun was then setting, and a favour- 
able opportunity ofiered for an accurate iuvestigation of their tciu. 
perature. Some peasants who conducted me, related the traditioiK 
concerriing the supposed heat and cold of the different sources v 
^ne only bemg, ab they said, a hot spring. I desired to examine 
that firsts and for thb purpose was taken taa place about half a' 
vile from the Agha's house ; to the roost distant of the sevtrrat 
iprings ; for in fact there are many, bursting from different crevices' 
througb a stratum of breccia, or pudding stone, covered by a su** 
perineumb«it layer of lime-stone. From the number of the springs, 
the Turks call tiie place Kirk Guese, or *, Forty Ejfes: 1 then 
asked the peasants if this was the hot spring, as it evidently was not 
the same described by Monsieur Chevalier. They replied that its 
greatest heat might be observed during winter, and therefore that 
it most be now hot t« It was a shallow pool of water, formed by 
the united product of many small streams, issuing from several 
cavities in the rock I have mentioned. Thb pool was quite over, 
ahadowed by some distant hilb, behind which the sun was then set* 
ting; It was therefore a proper time for ascertaining the temperature, 
both of the air and the water. A north wind had prevailed during 



* Placet are named in Wales exactly after the same manner j as P£if trb 
fVifiVYif, • The htad of the thrte springs.^ 

' f Almost the only winter the Turks had in 1801 was durini^ the month of. 
March. The peasants helieve the heat lo be greater at that season of the yesir^ 
■serely because the external air is colder. The temperature of tlie ^attr it 
alwajn the lame. 
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tbe diy, but the sky hud been more tbui usually serene, and witli^ 
oat a cloud : not a breath of air was then stirring. I first tried the 
water with my hand ; it felt warm, and even the rock near and 
above the surface of the water was sensibly affected by heat. I 
then had recourse to my thermouicter; it was graduated accordingp- 
to the scale of CeUius ; but I shall give the result according to the 
corresponding elevation of F^hreoheit ; being more adapted to com- 
mon observation in England. When exposed to the external air 
the mercnry stood at 49^ ; or sixteen degrees above the freezing 
point. I then placed it 'in one of the crevices whence the water 
issued, so as to immerse both the tnbe and scale : in two minutes, 
the mercury rose to 62^, and there remained. I then tried tlie 
lame experiment in all the other crevices, and found the heat of the 
water the same, although the temperature of the external air was 
lowered to 47^. From thence I proceeded to the hot spring of 
M. Chevalier; aud could not avoid being struck by the plausible 
appearance it offered^ for those who wished to fiud bere a hot 
and cold spring, as fountains of the Scamander* It gushes perpen- 
dicniarly out of the earth, rising. from the bottom of a marble and 
granite reservour, and throwing up as much water as the famous 
fountain of Holywell in Flintshire. Its surface seems vehemently 
boiling; and during cold weather, the condensed vapour above it 
causes the appearance of a cloud of smoke over the welL The 
marble and granite slabs around it are of great antiquity ; and its 
appearance iu the midst of surrounding trees, is highly picturesque. 
The mercury had now fallen, in the external air, to 46^, the sua 
being down ; but when the thermometer was held under water, it 
a^ose as before, to 62\ Notwithstanding the warmth of this 
spring, fishes were seeu sporting in the reservoir. When held in 
the stream of cither of the two channels which conduct the product 
of these springs into a marsh below, the temperature of the water 
diminished, in proportion to its dbtance from the source whence it 
flowed. I repeated similar observations afterwards, both at mid* 
night, and in the morning before sun-rise > but always with tlie 
same results. Hence it is proved, that the fountains of Bonarbashy 
are warm springs ; of which there are many, of different degrees of 
temperature in all the district through which the Mender flows, 
from Ida to the Hellespont. That the two channels which convey 
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of Um»a\ k at kast p^tHbte: and wbeo k it oauMdemi,: tbat- 
a notioii still prevails in the country^ of one being hot^ and thm ' 
other cold; that the women of the place bring all tbeir gmnealf 
t* be waslied m these spruigs, not accorduig to the casual fisita of 
otdnary industry* bat as an antient and established castonif in the 
eaereise of whicli they proceed with all the pomp iukI songs of a 
public ceremony ; it become perhaps prii6a6& t* 

[Clarke 9 Travels to Greece^ Eg^V^^ ^nd ihs Hol^lani. 

■ 

6* Hoi Springs in Iceland. 

In a LMerfrom John Stanleys Esq. M. P. F.R.S^ (:fc. to 

JJr. Black. 

1. Rejfkam Springs. 

Tov receiTed two kinds of waier» one from a spring near a hum 
called Ryknm and the other from the fountain known by the naaiio 
of the Oeyaer, the most remarkable in the island. It rises near 
the farm of Hankadale, about forty miles from Ryknm. Tbey aie 
both situated in the S. W. dirision of the island. 

I shall begin with a description of the country and the spriiigt ' 
near Rykurn^ and of the first view we had of them in our way ' 
horn Rykayick to Mount Hecla. Ryknm is situated in a iralky^ 
which, on account of its fertilityt and the strong contrast it made 
whb the dreary scenes we had passed since our last station, appeared 
to us with great advantage while we approached it. We had * 
traversed a country, seven or eight miles in breadth, entirely over* 
spread with lava, and other volcanic matter. It was sorronndedt 
with hills, net sufficiently high to be majestic, and too rugged and 
too barren to be pleasnig. We were told by our guides^ that, ott^ 
a dear day, the summits of Hecla might be seen above those which 



• The foUowing is a literal traiulatioa of the words of theVenctwo Sholiait^ 
■pon II. X\ 148. »' Two fountains from the Scamander rise in the plain ; bat 
the foantains •/ the Scanander are not in the plain. 

t The fhll description of nich a ceremony ocean in the sixth book of the 
Odyoey, where it is rehUed, that the daoghter of Alcinoo^, with all the 
Maidens of her train, proceeds to wash the linen of her family. Accordiag 
to Paosanias, there was an ancieot picture to be seen ia his tiaf | in wbicb 
thb salyect was xepreiCDted. 
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immitikkiy before vi ; btfl heavy ftnil lowerini; clouds, trhicb 
threiteiied us incestaDtly with ar slomiy coDccalect every distant ob* 
jM from our sight. 

We saw many districts in Icehiad covered with lava; but I do 
not recollect oae so uncouth and desolate a« this. No vegetation 
was to be seen but that of a few stunted buslies of willow and 
birch, growing between the crevices and hollows of the hva, into 
which the wind had driOed sufficient soil for tliein to take root. 
We coold discover no mount- or crater from whence we could coo- 
jeetoff 9 with any degree of probability, the lava to have issued. It 
eatended round us like a sea ; and it had burst perlia|is from some 
part of the country it now coyered, while the fire to which it owed 
its ongiii^ had escaped with its showers of cinders and ashes, from 
some other orifice, and had formed one of the numberless cones we 
eonid discover amidsr the neighbouring hills^ 

• The. unpleasantness of our ride over this country was increased 
hg the continual danger to which we were exposed of our horses 
falling. The road was no other than what the few travellers of the 
couQtry, as t|iey passed from their fiirnis to Kykavick, had tracked 
over the lava where it was least rough; but even this nas mter« 
rupted by many breaks and crevices, formed by the cooling of the 
matter aud the contraction of its parts • 

To this uncomfortable scene succeeded the view of a rich valley, 
openmg into an extensive green plain bounded by the sea. A river 
was seen windmg between several fertile meadows ; and be3oml 
these, the valley was terminated by a range of high and bold rocks. 
But our attention was chiefly attracted by the clouds of steam, 
which ascended in various parts of the valley from the hot springs, 
and by jets of water, which, from some of them, were incessantly 
darted into the air. 

We descended into the valley by a road winding over the lava, 
which, in one place, had flowed from the upper plain into the 
country below. On which side it had stopped abruptly, and had 
thus formed a perpendicular wall, at least sixty feet hi<|:h. 

We pitched our tenls in a pleasant field, on the side of the river, 
opposite to the farm, aud not far from it, and at the loot of the 
hills which bounded the valley. Several fragments of rocks, which 
had fallen from these, lay scattered round our station. These 
were entirely volcanic ; some of dark blue luva, not unlike basaltc ; 



0lif(Plk<if a jfaiD» Mfc itiittt ^ : ^wa •Kdn ^m^fi «ra grqr la«i^ 
lAixtcf vrith a grM quantity of^^iite ghM: But tlie motl cmiaM 
consisted of an heterogeneous ilihctuTe of Tarknif aubsiances, ee» 
mented inHiscriminately together by some operation, tuhseqnent to 
iheir orif;inal formation, and so strongly that the rock was tirnkm 
%Hth difficulty by bur hammers. It consisted of fNcces of bfaick glasa 
<a lam hi all probability much ▼itrified), and large pieces of m 
cioie, gray lava, the tavities aod pores of* which were filled witti 
aeolites finely radiated. Some pieces of black lava, in pafts coai- 
pact, and in other parts so |ioroiis as to approach nearly to m 
immtce st(me, were mixed with the rest of the mass* A mritaife 
of the same substance, (the lavas, the glass ami the zeolite^ 
pounded in small grains filled the spaces between the hirger picrei^ 
and connected' the whole into a solid rock. The heat (if faeat It 
was) which had cemented these materials, liad not been stronf 
enough to reduce any one to a state of fusion ; for the angfes of 
the fragments 5»ere as sharply defined as if newly separated froaa 
their respective original beds. 

The roeks from whence these different masses have hten de« 
•tached, lay heaped together in so disjointed and irregular a tnanner 
that some violent convulsion has evidently taken place among tbeat 
ainc6 their first formation ; but similar appearauccs of dnonler aiw 
to be seen in every range of hills in the country. Regular strata aic 
sio where to be met with. It appears as if all thb part of the 
island, at different periods, had been thrown up from its foi«- 
datioM. 

The valley is in this place fertile, and nearly half a imle ii 
breadth. It becomes more narrow towards the norih ; and it ia 
there Vendered barren by heaps of crumbled lava, or other 
rubbish, bro«i({ht down from the hills by Waters. These have the 
ap|)earance of artificial mounds, and a great number of springs are 
contiuoally boiling through them. Below the surfiice, a gv^H^l 
.ilecomposition seems takinp: place ;. for almost whenever the grooMK 
is turned up, a strong heat is felt, and the loose earth and stones 
are dianging gradually into a cl»y or bnh; of various colours and 
beautifully venied, resembling a variegated jasper. The heat may 
posvibly pnooecd from a fermentation of the materials cohiposing 
these mounds; but more probably (I <»hould conjocture) from the 
springs and steam forced up through them. The sp^ngs n^ust have 
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•oquired tbeir beat at wonm greater depth, firon . aooie conttautt 
iteady caute, (however difficult to explain) adequate to the length 
of time tbey have been known to exist* with the siuae unvaried 
force and temperature. 

Springs do not boll on or near theie banks only. They rise in 
every part of the valley, and vrithio the circumference of a roila 
and an half, more than au hundred might easily be counted. Most 
of them are very small, and may be just perceived simmering in the 
bote from whence the steam is issumg. This, trailii^ on the ground; 
deposits hi some places a thin coat of sulphur. The proportion 
▼aries; for near some of these small springs, scarce any is percepti. 
ble, whilst the dianne Is by which the water escapes from others 
are entirely lined with it for several yards. Neitlier the water, nor 
the steam from the larger springs, ever appear to deposit the 
smallest proportion of sulphur; nor can tjie sulphureous vapour 
they contain be discovered, otherwise than by the taste of what 
has been boiled in them for a long time. 

Many springs boil in great cauldrons, or basons, of two, three or 
four feet dnunetet. The water in these is agitated with a violent 
ebullition, and vast clouds of steam 8y off from its surface. Several 
little streama are formed by the water which escapes from the 
bason; and as tliese retain tlieir*heat ibr a considerable way, oo 
little caution is required to walk among them with safety. 

The thermometer constantly rose in these springs to tlie 212tb 
d^ree ; and in one small opening, from whence a quantity of 
steams issued with great impetuosity. Dr. Wright observed the mer* 
cury rise, in two successive trials, to the 213tb degree. 

I have already said, that the ground, through which many of the 
springs are boiling, was reduced to a clay of various colours. la 
some, tbe water is quite turbid } and, according to the colour of 
the clay through which it has passed, is red, yellow or gray. 

The springs, however, from whence tbe water overflows in any 
great quantity, are to appearance perfectly pure. The most n^ 
juarkable of these was about fifty or sixty yards from our station, 
and was distinguished by the people of the neiglibourhood . by the 
name of the little Geyzer. The water of it boiled with a loud and 
rumUing noise in a well of an utegular form, of about six feet m 
its greatest diameter; from thence it burst forth into the air, and 
subsided agwiu, nearly every minute. i;he jets were dashed into 



ipiby ai thtffott, andiifMC ^ftom tivealgp to Ihirlj iMlJrigh.' To^ 
Iwucf <tf st€ftni or vapour ascended with them, and iifodiiced ^ 
nost magoifioeot efiect, partkuUrly if the dark hilb» which aloMMt 
haug over the fouutaia* formed a back ground to the picture. Tkm 
jets are forced ia rising to take an oblique direction* by tiro or 
three large stones^ whicli lie on the edge of the baton. Between > 
these and the hill> the ground (to a distance of eight or nine feet) ii* 
remarkably hot, and entirely bare of vegetatioB. If the earth ii 
stirred, a steam instantly rises, and in some places it atas covered 
with a thio coat of sulphur, or rather, I should say, some loose stooea 
only were covered with flakes of it. In one place^ there was a 
slight efflorescence on the siirfiicc of the soil, which by the taster 
seemed to be allnm. 

The spray fell towards the valley, and iu that direction covered 
the ground with a thick incrustation of matter which it deposited. 
Close to this, and in one spot very near the well itself, the grass 
grows with great luxuriance. 

Where tbe soil was heated, it was gradually (as mi the mouads) 
changing into a clay. But It was here more beautiful than ia aay 
other place. Tlie colours were more varied and bright, and tlM 
veins were marked with more delicacy. The trausitioo likewisa 
from one substance into the other, was more evident and satiK 
ftctery. 

To the depth of a few inches, the ground consisted of 1oob6 
lavas, broken and pounded together, of blue, red and yelloir 
coloors. , The blue lava was hardest; and several pieces of it fe« 
mained firm and mialtered, while the rest were reduced to a dust«' 
The cdours became brighter as tbe decomposition of the subitaneet 
advanced, and they were changed at the depth of nine or ten> 
iachei into a clay ; excepting, however, the pieces of dark blue 
lava, which still ratained sufficient hardness to resist the pressure of 
the finger. Round these which appeared insulated in the midst of 
the red and yellow clay), several veins or circles were formed of 
various shades and colours. A few inches deeper, these also be* 
came part of tbe clay, but still appearing distinct, by tlieir circles, 
from the sfirrounding mass. The whole of this variegate<l sub« 
stanch rested on a thick bed of dark blue clay^ which had evi* 
deutly been formed in the same manner from some large fragment 
of blue lava, or stratum of it, broken into pieces. 



|«4 •#A11I0I| BlTESly CAKAll, LAKB8, 

• Tlie rewmbimiee of tliMe days to jasper is 8o sinking to llie 
tj9f that I canaot forlbear believing thetr origin to be similar* at 
leasts that some circuimtances in the Ibmiation of each are the 
iMne. You will my, with reason, that the difl'erence, nolwithstand. 
lag the apyikrent similitude, is in reality very wide ; that these clays 
before they can be converted into jaspers, require to be conwlU 
dated aod impregnated with a considerable proportion of siliceous 
cftrtli. It is something, however, to have dett*ct€d nature in the 
act of forming, in any substance, the veins and figures common to 
nnrbles and jaspers. Hhat still reniams of the process, after thus 
anicb of it has been traced^ may not king continue unknown ; and 
So lodand, probably sooner than elsewhere, will l>e discovered lieds 
of clay, like this« hardening into stone, either by the effect of sub- 
lerraneoos heat or pressure promoting an adliesion of the particles, 
or by some iusinuation of nuitter (perhaps siliceous) into the pores 
of the mass. 

There b another fountain in the valley not much inferior ia 
beaatv to that which 1 liave described. It breaks out from under 
one of the mounds 'close to the river. .Its eruptions are, ] think, ia 
aome res|)ects, more beautiful than those of the former. They rise 
nearly to tlie sam^ heights, and the quantity of water thrown up at 
oue time is greater, aod not so much scattered into spray. The 
jets coutmue seldom longer than a mhuite, and the intervals between 
them are from five to six minutes. They are forced to bend for. 
wards from the well, by the shelving of the bauk, or probably their 
height would be very considerable ; for they appear to be thrown 
up with great force. We never dared approach near enough to 
look deep into the well ; but we could perceive the water bmling 
iiear the surface from time to time, with much violence. The 
ground in front of it, was cuvere<l with a white incrustation, of a 
more beautiful appearance than the deposition near any other spring 
in this place. ^ By a trial of it with acids, it seemed almost entirely 
calcareous. 

. 1 have now described to you the two most remarkable fountains 
ill tlie valley of Kykuni, the only two which throw up water to a 
considerable height with any regularity. There are some from 
wheuce, in the course of every hour or half hour, beautiful jets 
burst out uucxiKctcdly ; but their eruptious continue only a tew 
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9KmJk, mi bttfifMi tbcm tjbe «Mcc b«ito in tbe 
in the other bisons.. 

Towards the upf>er end of the Taliey, there was t ferj^cnrioos 
bote, ^hkfa aftretted much of pur attention. It s^mtd to btfw* 
•erred at some former period as the well of a fountain, but was nf 
of an irregular form, and from four to five feet io dumieter. It 
was divided into different hollows or cavities at the depth of m 
few feet, into which we could not see a great way, on account of 
tlieir direction. A quantity of steam issued from these recesses, 
which prevented us from lexamiuing them very closely. We weiw 
stunned white standing near this cavern, and in some oraaaiupa 
alarmed, by an amazing lood and continued noise whicli came trqm 
the bottom. It was as lond as the blast of air forced into the tew 
naee from the four great cylinders at tbe Carron iron-worfcs» 

We could discover no water in any of the cavities ; but we 
near the place many beautiful petrifactions of leaves and 
They were formed with extreme delicacy, but were brittle, and 
would not bear much handling; their substance seemed chieAy 
argillaceous. 

We perceived smoke issuing from the gronnd in many places m 
the higher parts of the valley, nmcli further than we extended onr 
walks. I am sorry to say we left many things in this woodcrfnl 
country unexamined ; but we were checked in our journey by many 
circumstances, which allowed us neither the leisure nor the oppor* 
tunily for exploring every part of it as we could have wished. The 
substances deposited near the different springs seemed to me, in 
general, a mixture of calcareous and argillaceous earths; but near 
one spring, not feir from our tents, there seemed to be a flight 4e* 
•position of siliceous matter. To the eye it resembled calcedoiiy ; 
but with its transparencey, it had not the same hardness* and, if 
pressed, would break to. pieces. TJie water you have analysed 
rame from this spring, and we were obliged to take some care in 
filling the bottles; for though gradually lieat(M, they would break, 
wlien the water was poured into them, if it had not been previ* 
onsly exposed to tlie air for some minutes in an open vessel. 

The water of this spring bulled, as in most of the others, in a 
cauldron four or five feet broad. I do not recollect to have seen 
any of it ever thrown ttp above a foot, and some meal we dressed in 
it tasted very strongly ^f sulphur. 
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Mr» Bairn, by a mcasuremeot of tjbe depth, the breadth and 
the velocity of the stream flowing from the little Geyser, fouud 
Hie quantity of water thrown up every minute by it to be 5gO,64 
wine gallons, or 78*96 cubic feet. Mr. Wright and myself followed 
the stream, toobserre how fiur any matter cootmued to be deposited 
by the water. We found some little still deposited where it joined 
the river, a quarter uf a mile at least from its source. At that place 
it retained the heat of 33 degrees by Fahrenheit's thermometer. 

The vegetation on the banks of the stream, and in the pleasant 
■wadowf through wliich it flows, is exceedingly luxuriant. The 
ftrmer and his people were at this time employed in cutting the hay 
in them, which, though not high, was thick, and remarkably sweet. 
The plants which Mr. Wright found in the greatest perfection, were 
the sedum acre *, the veronica bccabunga t, the polygonum vivi* 
parorot, and the comanim palustre ||. 

A little above, where the current from the little Geyzer falls into 
the river, part of the lava, which lias descended from the upper into 
the lower plam« has assumed close to its banks, for the space of 
some yards, a regular columnar shape. The pillars are short, and 
bavie five or six sides. I cannot be very exact in my account of 
tbam, as they were on the op|K>site side of the river. I should 
suppose they were nearly a foot and a hall' in diameter. Some were 
borisontal, and others vertical. We observed tiie same appearance 
in many of the tracts of lava we traversed on our journev, and, in 
pne or two instances^ in those which had flowed from the bides of 
Mount Hecia, though the pillars there were less perfectly defined. 

So many streams of hot water fall into the river, that it receives 
from thence a very perceptible degree of heat. The thermometer, im* 
mersedin it above where it isjoineil by the waters of the littlcGeyzer, 
rose to 67 degrees, while in the open air it stood at 60. The breadth 
of the river in the same place is forty feet ; its mean depth two feet 
and an half, and its course is rather rapid. Several kinds of fish 
are found in it ; in particular, numbers of very fine salmon. 

The village of Rykum or Ryka, called either indiscriminately 
from R^ky an Icelandic word, signifying smoke, is situated in the 
middle of the valley, and, by an observation made by Mr. Baine, 



• PfpiKPT-rtone crop. J Snake wfcd. 

f Brook lime. | Purple inarsqurfuiU 
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oTlheHiaadl. The Tilli|g» cyNMirtt of ihe fiura^ 
iKNUCfvf hit semuits or dependents, aod a small cbarch. All tba 
iMljaoeat lands belong to him, and he keeps a considerable iinmber 
of aheep and «attle» and some few horses. These constitute his 
ffkhes } aod he purchases at Rykiavick, with skins, wool and butter^ 
whatever be reqiures, of which the chief article b fish, for his 
w interns proviskHi. 

I lia^e.now related to you every drcumstance that has occnnvd 
to DM worth flMutKHiing coocerouig this interesting valley. I have 
legictled aomefa, however, my inability to give you a more accurale 
SMcoont of some parts of it;' in particular, of the many spriiws 
wUch bacak out near the bills to the nortli, and of the rocks above 
the field where we placed our tents, which cleserved more attentioa' 
than I gave to them. But we remained in this valley a short time 
«sily, and the weather, during our continuance there, was very un« 
favowable. l\hall here close th'is letter, and reserve for another 
(which you may very soon expect) the account I have yet to send 
you of the Great Oeyier and the springs near Ilaukadal. I am. 
Dear Sir^ wilb great esteeoi, your most obedient servant^ 

John Tho. Stanlst* 

2» Gcjfierit or Uaukadal Springs. 

Paut of my promise has been accomplished in a former let« 
far, in which I gave you thf fullest account I could of the springs 
wf boiling water that rise in the valley of Rykum* It no^^r remams 
lor me to send you a description of thane we visited ia the neigh* ' 
boorbood of HaukadaK 

These kst are the most remarkable in the island, and the erup- 
tions of water from some of tliem so astonisliing, that I doubt whether 
«ny adequate Mea of their effect can be given by description. Abler 
pens than mm^ might fail probably in ahenipting to do justice to 
#uch wonderful phenomena. The objects, however, are so highly 
interesting in themselves, that even tiie simplest narrative that cau 
be given of them wUl be read with more than onlinary attention. 

They are situated about six aod thirty miles from Mount Heckia, 
aod about twelve miles, m a north east direction, from the village 
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of iSkftlholt \ Tbe road from tbence to the springs is over a flit 
€ottnlry» which, although mafshjr iu several places » uot unpleasant 
totfie eye, aud abounds in excellent pasturage. 

Hie steam ascendmg from the principal springs during tlieir enip- 
lioiis^ may be seen from a consulerahle distance. When tlie air is 
•t3l» it rises perpendknihirij like a column to a great height ; then 
spread* itself uito clouds, which roll in successive masses over each 
otiier, uiitill they are lost in tlie atmosphere. We perceived one df 
tbese coluninsy when distant sixteen miks at least, iu a direct line 
from HaukadaK 

Tlie springs mostly rise in a plain, between a river that winds 
through it, and the base of a range of low hills. Many however 
break out from the sides of the hills, and some very- near their 
Hunmits. They are all contained, to the number of one hundred 
•r raore^ within a circle of two miles. 

The most remarkable spring rises nearly in the midst of the other 
firings, .close to the hills. It is called Qevzer t ; the name |>roba* 
My ill the old Scandinavian language for a fountain, from the verb 
geyta^ sygnifyiog to guth^ or io ruth forth. The next most 
aeniarkable spring rises at a distance of one hundred and forty yards 
from it» on the same line« at the foot of the hills. \Ve called it 
the new Geycer, on account of its having but lately played so 
violently as at present. 

Tliere are ot Iters of consequence in the place, but none that 
a|)proach to these in magniticeuce, or that, when compared with 
them, deserve much (lescri|>lion. The gt*neralit\ of tlie sprmgs are 
iu every respect similar tu thosenear ilNkum ; boiliug in cauldrous 
%if three or four feet diameter, and some of them tiirowmg tlieir 



* Skalholt consists of fhp CathrdrnI, n larf;e building of wood, and of ft 
%txy few houses be loogin^ to the Bishop and hit dependants. Tlie DUhops xjT 
the southern diviiion of Iceland have always resided there; but in future (hrir 
resivleoce vvill be at ItykiaTick, a town nuw building on the south-west roast 
of t)ic iil.iud. The present Bishop, however, tlie worthy ani>lt*ari*t*d Mr Fin- 
sen, hus obtained the permi»iou of continuing his re:»iden('e at Slulholt duiing 
tne reinaiuder of his life. 

f Three or four only of the principal sprin*;* in Iceland are dhtingoi^ied liy 
the name of Cic>/i.'r, and of all th(> spiin^i ucui Jiaiikiidal t'le grcateit is 
aldiie called Ge^'iei^ or Urea: Gcjr;cvr. 
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IB Uuf phce^ aria the other, boil Ibniagh strata oTeoloiired daj. hf ' 
which they were rendered turbid. Here, however, the red chiya. 
wen brighter, and in a greater proportioato the chys of other 
ooloun. Here aUo^ as m the valley of Rykoni, are many small 
epriogs, which ttirow out sulphureous vapour, and near which tha. 
ground, and the channel of the water, are covered and lined with 
a thin coat of sulphur. . i 

The farm of Haukadal, and the^ church of the parish, stand near 
to each other, about three quarters of a mile beyond the great spriogrt 
The house is one of the best built in Iceland. It occupies a hirg% 
apace of ground, and consists of several divisions, to each of whichr 
there is an entrance from without. Some of these are used as barui 
and stables for the cattle, and others as work«shops*« The dweOiiig 
part of thb house was small but comfortable. There was a parlour 
with glaas windows, a kitchen, and separate bed-chambers for the A#» 
BMly. The building was partly of stone, partly of wood, and cover*' 
ed whh sods, oi^der which this bark of birch trees on boards ant ga« 
Bcrally placed, as a greater security against rain* t 

We were obliged to the mistress of this farm, ^wlio was a 
widow, ibr a very hospitable reception, although at first she see 
to consider us rather as unwelcome visitors, and left us, though wa. 
had requested admittance into her house, as we were drenched wttk' 
iriin, and our tents and baggage not yet arrived, to take up out' 
lodging in the church. We had not been long there, bowevasw) 
before she invited us to her house, and by her kmdoess made ampb 
amends for her fonner inattention* She put us in posseisiou of herr 
best room, and set before us plenty of good cream, some wheat 
cakes, sugar, and a kind of tea made of the leaves of the dr^m 
0ctoptimia f • 

I mention these circumstances of our reception at Haukadal, at 



• As the difision of labour is yet very imperfect Id Iceland, the Cutner it 
Qoder the necenlty, either of excfcisiog himself the several trades required ia 
tKe formation of the instniments of agricnltore, or of maintaiaiog such senraoti 
as are eapahir to supply them. 

•f Galled in Eagiish the Mmmtain Avent* We foand this plant growtsg wety 
liaiariaBtly, and ia great abandaace, on every part of Iceland thai we viiltcd* 
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dmrademticof the roanoenof the Icdanders. Sereral timea ilarioK 
my stty in the country, I experienced this succession of civility to 
coJdoess. Hie Icelanders are natureHy good, but not easily roused 
to feeling. When once their constitntiooal indifference was overcome 
we ii»ually found them desurous of pleasing, and zealous to do ua^ 
service. 

As the hotne was not sufficiently large to contain the whole of 
our party, we were under the necessity of returning again to thechurcli 
aa aooo as our baggage amfed. Heie we passed the first and second 
sights of our stay, in the neighbourhood of the springs. On the 
fjbird day, we left Haukadal, to fix ourselves in some station nearer 
to tbemi from which we could watch their eruptions with more 
convenience. 

The view from near the church was very beautiful. It extended 
toward the south along the plain into an open country. On Ibe 
«tlier sides, it was bounded by hills, which had not the barren and 
sugfad appeafance that deform almost every scene in this division 
<if tbe island* It was, however, still finer from some of the eminences 
near the springs. The plain and the surrounding moimtains, seen 
from a height, appeared to more advantage; and the emptioofe 
fkom the great wells breaking from time to time tbe general st8l- 
ness that prevailed* were much more distinct. The course of the 
riverj winding under the eye, could be traced with greater acca« 
racy. It flows through* the plam into an open country, where, 
being increased by the waters of numerous streams, and rivulets, it 
bends to tbe westward, and near Skalholt falls into a considerable 
rirer, the Holt.aa. 

The pleasant and fertile pastures near its banks were enlivened 
by numerous herds of cattle and sheep, tbe united riches of three 
or four farmers in the neighbourhood of Haukadal. The mowen 
also at work in the different fields surroundiog each house, gave 
at this season additional beauty to the prospect. High hills to the 
westward were separated from the eniinencies immediatelv above 
the springs by a narrow valley. They were partly clothed with 
bushes of birch, which, although hi no place above five foot high, 
were gratifying to the sight, which so seldom in Iceland can rest on 
any appearance even of underwoo<]. Above these, some vegetation 
•tUl continued to cover the sides of the hills, and Mr. Wright foqnd 
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"Bonie placM^ ilolk» than tbteeobiindred feet abafetlie|ihiii. ' 

To tbe c«(tw«rd, the ptain, seTeral miles in breadtb^ was bomided 
bjr ■% loof nofe of blue mountaiDSy extendiog coonderably to tht 
aootb. Beyond these* the triple samnit of Heckla maj be sees from 
the western hilk ; but I coyild not difitioguish it from the pfauq, or 
even from tlie heights whence the view of the sunroaoding eonntrf , 
was taken «faich I am now describing. 

To the north behind Haukadal, there weve WMmy Ugh moantain^ 
hut at a great disiauee, and of which the most distant were oofered 
with 80ow« Tliey formed part of a dreary assemblage of Jokub or 
ice.moimtainSy which occupy a considerable extent of the mtefkNr 
coontQT* Their forms were mostly conical ; and from their genent 
resembtaoee to tfther mountahn in the idand, from wMch streams 
of lava have been emitted, I think it probable they were onoo 
TcScanos. They are not so connected us to form a continued raqge 
or cham of hills. Each stands insulated ; and therefore tbe soowa 
which have for ages rested on their sides, are no more accumulated 
in valleys and converted into lakes of ice and gladers^ as amidst tht 
Alps of Switzerland and Savoy. 

A view so diftrent from the general features of the coontiyt hn* 
pressed us with the most agreeable sensations. Hitherto we oouM 
but compare one scene of draurioess with another; and ahhoiigh 
4he view before us was destitute of trees, yet tbe verdure and plea* 
oant distribution of hills and plain, in some measure conqpensiited 
Air this deficiency* 

I now return to the account of tbe brings, which I have ahftadjr 
observed break out in difierent places from tbe sides of a bill, and 
the space enclosed between its imse and the wnidings ^f a river. 
Tbe soil through which they rise is a mixture of crundiled materiab^ 
washed by degrees from tbe higher parts of the hilL In some placet 
iiiese have been reduced into a clay or earth ; in otben^ they stiR 
remain loose and broken fragments of tbe rocks from whence they 
liave fallen, or a dust produced by their friction against each other. 
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• AAMfrt otfaen« ke foaad tbe $uUx A«rl«cM (tett willow) the etnuiium 
tfMMNiMiim (wooUjr mmmt car cMckweed), the rumex digymu (rooiid Icavedl 
aoantaio lorrel), aad the kotfdgia^ (a plaot pecaliar to Icelwid), g rowiag In 
^csl abandaacei though generally ia low and nanhy y o aa d t . 
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Wheiefcr the ground is penetrated bj the stream of the springf^ 
these fragments are stioii decomposed, or changed into coloured 
days. In other places the surface of the ground is covered with 
JDcrustations deposited by the ^pringSy or with a luxuriant vegetation 
ot grass or dwarf hushes of willow and birch, and the empetrum 
nigrum*, the berries of which were al this time ripe and in great 
abundance. 

Above the great spring, the hill terminates in a double pointed 
rock» which Mr. Baine found by measurement to be 310 feet higher 
than the course of the river; the rock is split very strangely mto 
lamina, and at fint sight has much the appearance of a schbtus or 
thick slalte. It consbts, howe^ery of a grey coloured stone of a 
▼ery close grain, the separate pieces of which, although divided as 
J hey la}'^ do not break in the hand in any particular direction* I 
jriiould suppose the substance of the rock to be chiefly argiilaceoos, 
and that like every other stone in the bland, it has suffered some 
change by the action of fire. I do not mean to call it lava, as it bean 
4IO mark of having been once in a melted state, whatever baking or 
induration it may have sustained in the neighbourhood of'subterra* 
neous heat. It contains no heterogeneous matter^ or cavities, in which 
agates, or zeolites, or vitrified isubstances of any kuid, could hate 
been formed. 

All these rocks that have been either altered or created by fire, 
seem much more liable to decay and decomposition than any othen 
I have ever seen. Mounds, similar to those in the valley of Rykum 
have been funned by the ruins of the hill half way up its ascent be* 
tween the Geyzcr and the pointed rock. Springs boil in many places 
through these mounds, and near to one of them 1 observed that the 
coloured clay felt much more soapy than any I had tried t>efoie. 
Tlib quality probably was owing to a greater proportion of the earth 
of magnesia in its composition, as in other respects it agreed perfect, 
ly with the rest. 

My attention, during the four days I remained in thb place, wis 
80 much engaged with the beauties and remarkable circumstances of 
the two principle springs, that I cannot (were I so inclined) give you 



♦ The crow berry, Thig !s almost (he only fruit we met with In Iceland, Mr. 
Wright foond n few strawherries. Neither gooseberries nor coirants will eoi^ 
to perfection by any management whatever. 



V miini!^ atcwMt of Aetift wbicli» flteC to tbem, wefe AMfvhg of 

notice. The springs in general resemble those at Rykiim ; but there 
are five or six wbkh have their peculiarities, and throw up their 
waten with violence to a comiderable height. Their basons are of 
irregular forms, four, five or six feet in diameter, and ^rom som« 
of them the water rushes out in all directions, from others oblique^ 
ly. The eruptions are never of long duratioD» aud the intervals 
are from li to 30 minutes. The periods of both were exceeding-y 
tariable. One of the most remarkable of these springs threw out a 
great quantity of water, aiid from its continual noise we named it 
the Roaring Geyzer. The eruptions of this fountain were incessant^ 
The water darted out with fury every four or five minutes, an4 
covered a great space of ground with the matter it deposited. The 
jets were ftom thirty to forty feet in height. They were shfvered 
into the finest particles of spray, and surrounded by great clouds 
of steam* The situation of this spring was eighty yards dbtant froa 
the Geyser, on the rise of the hill. 

I shall now, Sir, attempt some description of this celebrated foun. 
tain, diiitinguisbed by the appellation of Geyzer alone* from the 
pre-eminence it holds over all the natural phenomena of this kin4 
!d Iceland. 

By a gradual deposition of the substances dissolved in its water 
Ibr a long succession of years, perhaps for ages, a mound of con* 
fiderable height has been formed, from the centre of which the 
Geyzer issues. It rises through a perpeudicular and cylindrical 
pipe, or shaft, seventy feet in depth, and eight feet and a half in 
diameter, which opens into a bason or funnel, measuring fif)y*nine 
feet from one edge of it to the other. The bason is circular^ and* 
|he sides of it, as well as those of the pipe, are polished quite 
smooth by the continual friction of the water, and they are both 
formed with such mathematical truth, as to appear constructed by 
art. The declivity of the mound begins imniediiitely from the bor- 
ders of the bason. The incrustations are in some places worn 
smooth by the overflowing of the water; in most, however, they 
rise in numberless little tufts, which bear a resembhmce to the heads 
•f cauliflowers, except that they are rather more prominent, and 
are covered, by the falling of the finer particles of spray, ««ith a 
crysfalline efilorescence so delicate as scaicely to bear the slightest 
touch. Unmolested^ the efflorescence gradually hardemt, and 

K3 
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•ItlMMgh k loies Um int ddica^, it itill ttmnn esoccdin^jp beM^r 

tifU. 
Tbcie incrastatioBs are of • ^ght blown coloar, and extend m 

Sntk mwy m mious di*ectieat,.lhHii the bonders of the baaon. To 

tte northward, they rcnch to a distance of 82 feet ; to the eaat of 

i6 s to the sooth of IIB > sud of 124 to the west. They are veiy 

btrdf and do not appear, in an; part, decaying or nonldering into 

•oil^ 

When onr gnUkt first led ns to the Geyxer, the bason was filled 
lo wMwi nihw feet of its edge. The water was transparent as 
ciystal; u sl%kt steam only arose fimn it, and the surfrce was 
t«(M but by a few bubbles, which now and then came from the 
bottom of the pipe. We waited with anxiety for seteral mimites, 
cxpoetinf at cveiy instant some intenruption to this tfampiiliity. On 
aandden^ anotbei qpring^ inunediately in feont of the place on which 
wo were standmg, darted its waters abore an bandied feet into 
ihe an: with the ▼elodfy of an arrow, and the jets sncoceding this 
first eruption were still higher. This was the spring already men- 
tioned under the nanm of the Mew Geyier. 

While gaxing in silence and wonder at fbb unexpected and 
beautiful displayt we were abrmed by a sudden shock of thegronnd 
mider our feet, acoompanied with a hollow noise, not unlike the 
distant firing et cannon. Another shock soon followed, and w« 
observed the water in the bason to be much agitated. The Iceland- 
ers hastily bid bold of us, and forced us to retreat some yards. The 
water in the mean time boiled Tiolently, and heaved as if some 
expansive power were labouring beneath its weight, and some of it 
was thrown up a few feet above the bason. Again there were two or 
three shocks of the ground, and a repetition of the same noise. la 
an instant, the surrounding atmosphere was filled with volumes of 

^— — — — i<»l^*— — ^W II ■ ■ ■■ ■ ■■ I ■ ■ I III I ■ ■ 

* The tubttancc of these incrui tatioot has heen analysed by Professor Bergf 
nan, and he gives a long and particular account of it, in a letter to the ArdK 
bishop of Upsal, published w ith the Archbishop's Letters oa Iceland. He say5^ 
^ Tile strongest acMs, the floor acid not excepted, are not sufficient with a 
•* bofUng heat to dissolTC this substance: It isdissolTcd very little (if at all) by 
«( the Mow-pipe with the fusible salt of urine, a littla more with boiaz, and 
** makes a strong cfierrescence with sal sodc These effects are peculiar only 
<< to a siliceoas earth or flint. There cannot renain therefore a doubt cobo^ik 
** jng the nature of tli{s cmicated itoae^" 
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■team railing over eacli oilier m they aKendcd, in a maooer inex. 
prcMJbly beauliful, anil through tvliiLb, columns of water, shivering 
into faaiu, darltd in npiU succession to Leights wluch, at the limci 
we were lillle qualified to Mlimate. luiteedj the novelty atid spleD> 
dour of such a scene had aOecled our iinagiiialions so forcibly, that 
we believed the extreme heiglit of the jet to beutucli greater than it 
was aOenvardi deletintiied to be. !n a subsequent erij)>tJon, Mr. 
Baioe asccrlained. by means of a quadrant, the greatest elevatioa 
to iriiicb tbc jeti of water were tlirown, to b« 96 ftet. 
- Miicb of the waler began to deaccud agaia at difiereat hu^tta 
and wa* again pnttecled by other columu, wUicb met it ai tbn^ 
MtoK, , At but, baving filled tbc batoti, it rolled ia great wavea tnar 
nufobericM lill^ inade ill way dowu tbe aidea of the nound. Mli|^ 
wai Imt ia vapour also, and atiU more fell to tbe groiuid in hc^B 
abowers of ipray. The intervals at whicfatfae leveral jets succeedM 
aach otber* were too abort for tbe eye to distinguish them. Aa 
tbej nae out of tbe basoo, they reflected by their deusily, tbe pniaat 
and iDOM btiUiant blue. In certain sliades, the colour was ^ecu 
like that of tbe sea ; but lu their further ascrnt, alt dittinction of 
opIoDC waskxti and the jets, broken into a thousand parts appealed 
. whila aa aaow. Several of them wera forced upwards perpendim^ 
latly i but mapy, receiving a slight indioatiou u they bunt fiwa 

. the bason, were projected in beautiful cui'vesi and tbe ^ray wUcb 
Ml fnm tbem, caught by a succeeding jet, wu hurried away riill 

Jiigber than it had been perhaps before. 

' Tbe jets Were made with inconceivable velocity, and those which 
«icaped uninterruptad terminated in sharp points, and lott tbci» 
advcsui the air. Tbe eruption, changing iti form at^vcij intaat* 
and blending variously with tlie clouds of aleaiii that sunounded i^. 
conlianed for ten or twelve minutes ; the water th«i subsided through 
<hepipc and disappeared. 

Tbe craptions of the Oeyxer succeed each other with some degree 
ofregulahly, buttbey are not equally violent, or of equal duration. 
Some lasted scarcely eight or ten, while others cuaiinued, with 
unabated vblcuce, fifteen or eighteen misules. Between the great 
eruptions, while the pipe and bason were filling, tbe water burst 
several times into the air to a coosidemble height. These partial 

jets, however, seldom exceeded a nuDtite, «nd soaetiflies not a lew 
•ecood), ia duration. 

K4. 



AfliMte craptMO of ttbid hen violMt» the wilcr mk hlk 
4Bbtm«iieoi» ciTemif nd left the pipe quite enpty. If the tt m p 
*tioB had been modente the mbiideiiee of tlie wtter wet propottioiui^ 
"My le«« The first time the pipe was perfectly enqitied^ we tmuidei 
Ito dipt h, and fboiid the bettoni very rough and irregidar. The 
^pIlpereiiiaiBihiitathoftthaeeiBpty. After a fewiecondt, the wafcir 
YMhetfartofti^nwith a boMUinf BoiM* and during the tine that ft 
% ririog w the pipe, it it frequently darted suddenly hito the air to 
diflerent heights, somethnes to two or three, sometinies sixty fcel 
ybite the sides of the bason* By a surprise of tbii luod, while wa 
>lMe engaged aseasuring the dhwsler nf the well we had nearly 
'%acn sedded; and ahhongh we were able to withdraw ooiseless 
M«i the treat bddy of water as it ascended, yet we renMuied ei* 
Moissd to the faUhig spray, which fortunately was so asnch cooled hi 
the air as to do ns no miseMeT* 

' Of these jets we counted twenty in an hour and an bal( duilig 
wUch the waten had filled the pqie and n part the bason« II then 
semed oftentines agitated, and boiled with great violenee. The 
Jets were more beantifiil, and conthmed ^longer, as the quantity of 
water hi the bakm increased. The resistance being greater^ their 
Ibfce was n some degree broken, and theur form, mdre divided^ 
produced a greater disjriay of foam and vapour. 

While the pqie was filling, we threw into it several stones of 
eonsidenble weight, wiuch, whenever the water burst forth with 
any violence, were projected much higher than itself. These stones 
hi fidling were met by other ^umns of water, and amidst thestf 
they rose and fcll repeatedly They were easily distinguished in 
the white foam, and contributed much to the novelty and beauty 
of thu extraordinary phenomenon. « ^ 

When the bason was nearly full, these occasional eruptions w«a 
generally announced by shocks of the ground, similar to those piv^ 
ceding the great eruptions. Immediately after the sliocks, the 
Whole lH>dy of water heaved exceedingly ; a violent ebullition then 
took place, and large waves spread themselves in circles from the 
centre, through which the column' forced Its way. 

When the water had been quiet in the bason for some time, the 
thermometer placed m it stood at 180^ only, but immediately after 
an eruption it rose to 2(Xf. Wa bpiled a piece of salmon in it^ 
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whkb was eaceedingly welt tasted. Our cookery Kt Rykum had 
nat been quile ■■> succesiful. 

■v^kt «*lvT ih wDB Ml A(mt the Oe^ier i( joSomI at the (Mfloni 
iMM ariwid by tlHt wUdt flmn from dm apring catted the reatiBi 
9tjwn,- ftinaai l y deMribed. The Unam proJa cc d by their iinite4l 
la #Dwa tfaaac or fcor bondred paces beA>re it fcHa hMa the rml^ 
t k redoced ta 73*. tma W tMH plMS'lt 
bofthtfanbMaDectilcoataiaed; b«t AnisgAe «Mk 
fl^ika Man^ the planta gnmiag' on iti baaha «cr« cotcred vM 
fc ia a Hf rf jg an aal a lia M . 8oiM'«ftb«ae we wuhed-tepreaefive, hA 
Aoa (Mraitrana delkacy ibey AH iate pieeca ou«T*ry at m ^pfW 



. IWaftMHavvrtfea HnrOeyzer'isin the *«■« Iba froM M 
*>t«P<beba with the great Oejwer. Itspfpa b forwd liM 
■llri ugaiaiily, aiul b jIk fret ia diaBieteri and (ortjuik'^^ttt 
iMiMfacaiBdaplh. It doet not open inloab«bn, batttb«earif 
MrmaUad by a ma or wall two feet high. After aaeh emptiimt 
Iha yipa b t aap t iad, and the water Teturna gradaa% iittoitaaiala 
•hataflboeMO^ver. Duriagdirec boon neari; thattbepipa b 
MUog, tbt partbt ersplioiu faappea leldora, nd 4* 4Mt riie vetf 
Msbi b«l the waicf boiU the whole time, and oftM aiilb glMf 
«Mnee. The tenpetatereof (lie wareraafleroaeaflheuniiptiMikl 
mn adnataKiff foond to be2ta*. Few Mcnuftiwia ara fcwwl 
■Mid Ihb ipriDg, escepliog io the dwniwl where tba waUrflban 

' He great eraption u not preceded bj any wme, like that of M 
ipaat Geyaer. The water boil* laddeDlj, or m heaved ever <tba 

■^ . '. _L-J 

* Before (he moDih or JnnenSQ, tbeycirl viitled IccUod, thbipripflii} 
'<bHl l a )i dwhh»By*rym! ofriotenre, at IraX fsr ■ coraftEfable tine, (fn^ 
#ei Ike taH«iaa «r (br pipe will not aUow m ts tnitpoH, Ibat IbcnptMh 
had al ■• Cmmct prriod been vitleot.) Bnl ia lbs mooth of Jane, this qMrtce 
•f Iceland had mFeted M>me vtty icttre ibocki of an rarthquake i and l( ii a«t 
anilkelj, 'hatDHBjof ihecavilieicomniDalMilliiK wiih ihc boiiom of tbcpipf 
|ad bt«n tlirn eolaifcd, mod new Mnrcei of waicr opened iniii rhem. Ttia 
ilfcrenee betweeetbempiloetof tblifoaofaln, and ikOM of AegmtOty 
mtr, mar be ■ccoantid for fna dc cireamobnce of (hrie being no bana onr 
Ikeplpeof Ibeflnt, In wUdt an; water can be runialord to iDlrmTpi ilioco- 
l^u Bi It rbet. I AouU bne itatr, tbnl we coiiM not dUcoiM uj soinf 
t>p4Mai batwaea Aa wqQNa of Ae dlActat ipriaf*. 




facwwigifibli wklmm. TiMcolsnn of water raMiMcMii«,wilili 
> ■wiiiii Ml tittf— heig^U wbw ft lithifMfad into tbe fiiKtl puw 
tfdti. MsdinetkMi wu pttpeodfealar, and smtatl chmtioa 159 
ibal. LikilbemHptiooortlwoldOeyser, IhkcoiisMted oft^^ 
J0IM9 ■mufiMpi mik other wilh gnst npidity. WiMtefcf we tlucw 
iilD the well WW b vied nio the air whli Midi ■wiftBeie.tlNilIlM qfo 
mtid acaKeiy dwoeni it\ and tiie difMon of the walor at the ei^ 

j^pWi^^B^wj^r ^1^0 www w^v^B^w^^^i^H ^^r^MW ^wv^ w^MWB^^wa as^waw vwe^v ^iwv^^^w^^wwv wi^v ^^^^^^^^^F 

whkhM wen cold. Towards the end of an craptioii, when wane 
than water nuhed Inn the p^f • I feotored 10 hoM wqr hand 
theedgeofthecoluaHi^ in the way of aooie divided pa|lieiceef 
r, and fiwnd them tepU only. Yon nwy probably thhdi thii a 
osporbnenli and oertaialy it was so. But wo had asada oor 
on the nnUonn diiection of the eolainB» and confided 
onr iaftty in it Oneeortwice^ however, we bad reason fo thndi 
PS foftanate in escaping than pmdent in avoidui^ tlie 
which attended a too near approach to these emptiens of 
hoihil water. Dnring ten or fifteen nnnnte^ the water lonthn w d 
to be thrown upwards with nndiiinniihed impetnosity. At the end 
of ttat period^ tiie qoantity brcame less, add al length, ccasiogen* 
tfaely, steam alone asemded. In one instance, tbe eniption oon- 
t ia n e d thirty mi nn tei . It seldom however exceeded twenty miaolci^ 
and sometiincs was coo^ileted in fifteen minutes. Tbe force with 
which tbe steam rises abates as tbe water sinks in the pipe, and when 
tUs iseihausted, that soon disappcan* 

I have now given yon such a description of these celebrated foua* 
tains as was in my power. I hope that it will afford you some 
satisfiKtion, and I could wish that it might serve as an iiMiucement 
to some curious inquirer into the history of nature to visit them, 
who shall have all the knowledge requisite Ibr making such observe 
lions as are yet to be desired conceniiiig tbem. I cannot fiaitrr 
nqiself, that the description I have attempted of their eruptions 
vr9l impress you with a just idea of their beauty. Sources of com- 
panion are wanting, by wbidi tbe portraiture of such cxtraorcUuaiy 
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« Mr.BiUne meMored tl^ height lo which a stone wu throwo ap by •oc ef 
*cft Jccf , aad fMad It M fspt. Sosit i»Uien rost coasUlsnri»lj hM^hcn 
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SWUM can he autit«d. Nalure no whrre offers objech bwrtng « 
resemblance to them ; and ail, even id constrticliDg the wster-norW 
of Ver»ullFS,liai produced nullim^ thai cmn at ull illustrate the mag- 
nificent appeuniDccs of the Geyzer. All then llial I hope for i^ 
to have said so mnch as may tnuble you to comptelc in your imagU 
aMiM, IIm pktaR wkieh 1 have only (kclchcd. In^inalkia tiOam 
«Mi Mqiplj the Boiw Mid awUon which Kcovproy mcii bifa bviitt 
WvamlMintiqfrointbnrcoofiBcnwnt; indMiut bekfttofiM 
«kU I baw B«t been Me to docribe, the brillbuK; of eolowB^ 
Uw iwrity of Ibe ipfay, the qnkk chai^ of dbct, kmI the.lha^ 
Mad wiebM of fens into which the clondi of abMU, illMf lh» 
at«oifhcfa on every tide, iic roHed iDcenanlly, 

I inm aroidod «otcfiag iaio any theoiy of tbo cmm of tbwe fk^ 
- ■nm i, Ihnt yoa Hay not auppoee the sccosnt I give yoM faM bam 
MaiMd kj ■ lavoarite hypoifaem: I have given yo« bb aeiMMa 
4tite«fCMU, and I ka*e to you the eaplaaatioa of then. TIkn 
cuaoli however, be two opintoDi conoetning ifac jmrnrdjatir cmmo 
which farcu the water upward*. It is obviowly the tlaatidty of 
■Mom tMleavaanog to free itself. In addiiiov to lhi>, the loraa of 
Hm cyl in dtr Uuoogh which the water risea, givei i( UmI prtyaetil* 
laroa whirh cartiea it lo high. Beyoad thi^ it woald not bMoai 
■le to htnrd any opinion. • 

Of the antiquity of these ^ririgs I can My itotbing further tfaaa 
that they aie knenlioBed at throwing ap their waters to a gnat height 
' fcy Saio GranimalicDt, ia the Pichce to bis Histoty of Denaatli^ 
whidi was written in the twelfth eenhiiy ; bat fnin the geacial fta> 
Inci of tbe coonlry, it' is likely Uial Ibey have eiisicd ■ great 
length of lime. The openitons of subterraneous beat se«M iadoed 
to be ofgreatnntiqaity IB Iceland; and tbe whole coonliy frobBUy 
owes its exiiteuce to tbe fires wliicfa bum beneath its surtace. Evany 
hill provei, at least, with what vioieoee these fiiei bave acted fot 
^es ; and the terrible eruptios of lava which bnrst from tbe moun- 
taimofSkaptefieldin 1783, show that they ate as yet Ar from being 
axtingutsbed. 

trraniocd'en* of tbt Royal Society of Edinburgh, Vol. 3.] 
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* Th«be are auuiy tepid ipriogtiriiidif whboKt waj red cbmigt 
4i tiwir taBpaatttre» ■pprar to the people tktt fnqiieiit Umhi to bo 
■lovcbwemieria the winter tbaa in the aanMBcn Of theeewekiiMr 
^tttmij fifen an emnplo in tbe praoediqg lectioiiv in lieecribing tier 
-VMHi epriagi in the dbtriet of Tkoost The eppefentTicfatieB fa 
tnAcotH depends eltogetber npoa the reel firietion m the tenpe* 
retnre of the atmcMphere t the'weter enUng the themumeler ho. 
•knr the tempenitnio of the tonrottodiof eir m tnouner, but nisin| 
it perhept twentj or thirty degrees ahove that of the whiter eeasoocp 

* Tlieie aie other tprings and fountaiMi Jwwefer, fa wUch there 
if a realdiSiren^ fa tbe temperatnie of the water at dU fcie w t lea. 
«Nif» u Mcainrgd by tlie thenoonieter when plnngcd fato ftm watte 
itself t and wUle fa soawfastaacesthess alterations are imgolar, fa 

'others they are fiaed and peiiodieal. Both these Aets have Imcb 
-known to natural pbilosopheri throagh a long series of a^i aad 
Ibehslis thas ninotely ezempiifed by Lncretfas fa bb Nstttioef 
Things, vL 848. 

•Esse apnd Hammoois 8 ianom funs loee dfamft 
FrigidttSy et calidns noctomo temporey fertur, 
- Hone homines funtem nunis admiiaotor^ et acri 
. Sole putant subter terras fen re s c erc partiin^ 
Noa ubi terribili terrain caligine texit : 
Quod nimis a yeri est longe ratiooe remotoai. 

A fount, 'tis rumour'd, near the temple purls 
Of Jove Ammokian, tepid through the nighty 
And cold at uoon.day ; and tb' a^toniihed sage 
Stares at the fact, and deems the punctual sun 
Strikes through the world's vast centre, as tbe shades 
Of midnigtit shroud us, and with ray reverse 
Madden tbe well-spring-: creed absurd and false. 

Good. 

• We quote from WakeSeld*! ettidoiu 
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And tbe phtlosopbic part having, Wim, perrmplorily ipiiraeH the 
caiDmou rheory, immediaUly [irocecdi lo unfold his owu, which 
oficn a iliikiog conMiiance to several of ihe cliemlca! (i|ii[iiojis of 
tbe pmcnt 4a^^ Ht lopposei that the eltmwtiurj priuciplm-of 
ofwc are df tyi^ iQC^tbcr uid cpacentrfled by the coulruction of . 
0M wrlcf of tin fouiitaia thai lakes place upou the return o£ Um 
^fci}jiig co|d, in ib^ i^iat ownncr as vre now supiMw tbeifi Jlo bt 
llfivcn .togell^r aud coDcentrated by thaoontncliflnlbftl.tAli^BtaTf 
ifi tbe pcKfttsi^n ,of loUd bodies; in oonHqueDce of aiUi^ tbf 
water, or whatever other substance may hereby be ezpoied ^QJUCH 
concentrated aclion, must necessarily become proportionably heated. 
His words are as ibUowsi which we sImII interpret in the language 
of Ibe Inusfail^r aud^iBotatot Iroin whom wc h»TeaIrc«dS<luoted. 

; Qmb ntio est %iturl mminiiB, tern jMgkqvMf 
Ran l«|Ht oircwB funlem, quam csetera lellus; . > 
B|iilta<|ue sunt .ignis prope semiiia corpus aqual. 
'■Hm:> uUiorileris temmaox obruU umbri^ < ■. •• 

Kz ten^ subtm frigescil terra, coilque ; . . ' i 

Hac rationetil, ur, tamquam f»«preisa mMm>n^ - j 

Eipiinat in funlcnii quss semtoa quoiiM|yt babel tgiiif s 
^•- Qua cilldum faciuni lalicts laclum, atque nponm., ■ > 
Inde, nbi sol^adiis tcmm dioiovit aborti^ 
El raicfedl, ctlido miacente rapore ; . : * 

Runus iaantiquas redeuol primordia sedea • .' 

Ipiis, et b tnrain ccdit calor omnis aquai : - ^ 

Frifidus banc ob rem fit funs id luce diurul* a . 

Doat thoD tbe cause demand, then I— cleat^j beqcv^ ^ 
Tbal round the fbuotaiu earth more spongy spread^ 
And tetdaof fire throng ampler : whence, wfaoiiigbi > 
Fours o'er Ihe world his dew-distilling shades. 
llic chiird, cootracliDg soil here stmios abrupt 
Ai tboogb comprcst by &Dger9, low'rds the fount 
Suck seeds profusely, and ihe bubbling wave 
Proves to (he loucb, the lasle, more tepid proTCS. 
. But wbra, levcn'd, the sun with new-born beam 
. Earth rarefies and quickens, back profound 
Hy the J«mtt firetccds ts ibcir unlive bauBtik i 



t4f sraiVGi, tirkmif eAKALs, lakes. 

The fcttDt foffsaloDg: whence the eptikliag tide 
TMles in the dhj noie tnpi than at night. 

Upon tliB striking passage Mr. Good, from whose traoslation wit 
bafe copied^ has the followmg Mte^ which we also copy, as being 
peeuliarljf apposite t6 the present occasion. 

^ Of the existence of tb» corions feantaio there can be no doubt. 
It is p a rtfc rf aiiy described by Qiiintns Curtins, tv. 7. Piiny^ ii. lOS ; 
ted Panponios Mela, i. 8. It is also referred to by Sitius Italicns, 
fi. 6^ and by Ovid in the feUowing distich : 

Medio tinit comiger Haninion ! 
Vnda die geiida est : ortuque, obitnqne, calescit. 

Thy stream; O hom<crown'd Ammon ! in the nudst 

Chiils us at noon, but warms at xnom and eve* 

* .. 

^ The heat af tfau fountain was unquestionably supplied from 

subterranean inflammable substances in a state of combustion. Its 

ulleratiou of cold in the day-time may have been produced^ and es* 

pecially in the summer season, by evaporation from the groves that 

aorronnded itj or by tlie subsidence of a regular hot tide, like the 

pool of Bethesda, described tiy St John, v. 2—- 4. wliich seems to 

have been possessed of powers in many respects similar. The Roman 

ftuntain was^ probably, liiie the Jewish, a hot spting roiik a iide^ 

recurring once in everjf twentymfour hours ; hsUh this only 

difference^ that ihe tide of the latter returned about noon^ 

and thai of the former at sun^set or midnight. Our own 

country has a great number of these extraordinary springs / 

but they are in general eo well supplied v^ith subterranean heai 

m» to suffer no intermission whatever. The Weeden well in the 

celebrated peak of Derbyshire, has an undoubted flux and reflux of 

its waters, but its tkie is irregular, and it is not supplied with lieat 

A-om below* The most extmordinary hot springs we are acquainted 

with are those at Geyser and Rykum, both iu Iceland. Their 

beats return with then- tides ; but these tides, though irregular is 

their periods, recur so frequently as to prevent their waters from 

^er becoming cold. That of the -former returns ten or twelve 

iimes in the compile of the day; and such is the extreme calidity ai^ 
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^miseqiiettt ebollitimi daring these recarrencesy 4limt its waters m 
pnijected in a jet-d'eau of not less than from 6ye to ten fathoms of 
perpendicular height. The tides of the hot-springs at Rykum, for 
there are several, are renewed still more frequently; often, ht* 
deed, not less than two or three times in the course of a quarter 
of an hour. The very curious hot spring described by Captaw 
Billuigs (Expedition to the Northern Parts of Runia) near the 
iroicano of Opalsk in Kamscatka, is so kicessantly supplied with tab* 
terranean heat« as to be permanently ebullient —It is very extraordi« 
nary that the ice in the celebrated cavern of Orace-Dien, is pl^ 
tiful and solid during the summer, and almost wholly wasted in the 
winter season, M. Cadet, in a paper inserted in the Annales de 
Chymie, vol. xlvi. has endeavoured to account for this anonialy# by 
the increase of cold produced by the evaporation from the moist 
and massy foliage that surrouriDtf the cavern during the somaer 
months. He has here, perhaps, given us the real cause of the va« 
nation in the temperature of the fountain before us, but it is a cause 
scarcely adequate to the production of ice in summer, though it 
may make a warm stream colder in the day time than at night.* 

To this full and explicit account we shall only add the two foK* 
lowing coincident facts. ** In the midst of the river Men, sooth of 
Peterborough in Northamptonshire,** says the humourous and enter* 
prising Isaac Walton, " is a deep gulph called Medeswell, so cold 
tbaf in summer no swimmer is able to endure it, yet it is not firofen 
in the winter.** And Mr. Wales, in his Journal of a thirteen month*s 
residence on the north-west coast of Hudson*s Bay, which we shall 
niore particularly advert to in a subsequent chapter, tells us, that 
when he was staying at one of the hunter's tents for abont a week in 
the month of December, he was told that there was a spring verjr 
near thenii which was not yet frozen over, though the sea was frocea 
up as far as conld be seen, and the ice in the river was four or 6ve 
feet thick. He went to see it : but that morning the frost had 
been so intense, that it was frozen oyer about an inch thick. He 
broke the ice, and, to his surprize, found the water so shallow, that 
the mud was imny-diately raised from the bottom by the act of 
breaking it, Tlie adjoining springs, that were at least six times 1(8 
depth, had at thii period been frozen quite dry for several weeks. 
^ e regret that Mr. Wales has given us no account of the actual ten^ 
f^^Xm^ or the aiin^ral principles of this smgulat well- 
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tff/tammabie Springt^ JVellsy tuid Laketm 
I. tnfroiudorjf Remarki, 

Wb bave almdy obsenred that the materiab with which water 
becomes combuied io a long or devious subterranean course^ must 
be feiy numerous* and of .verj different qualities : for as it b the 
most general solvent m nature^ it is capable of dissolving or of hold- 
ing hi suspension, a part of most of the substances through which 
it travels or which it acddentalljr encounters, whether earthj, oka* 
gniousy or gasseous. ^ 

It hence, as we have already seen, frequently becomes united 
vritb large qbantitirs of caloric and produces tepid or hot springs; 
sometimes with pure air or other gasses, and produces bubbling 
sprfaigs, or those which to the eye have the appearauce of boiling, 
but to the touch or to the thermometer are found cold ; and some* 
times with highly inflammable or combustible substances^ and are 
bence capable of firing or suj^rting flame. 

Of this last kind we have various instances both in wells or foun. 
tains, and in lakes ; and though the instances are not^ perhaps, very 
numcmus, they have been known from a very early era, and when 
chemically examined, have been chiefly found to consist of hydro- 
gen gass, or some bituminous preparation^ as naphtha, asphalt, 
rock oil, or petroleum. 

One of the earliest of these inflammable fountains that occur to 
OS in an unquestionable character is that of Dodona» situated near 
the temple of Jupiter, and which* as has been already hinted at by 
Mr. Gough in an article we have just quoted from him*, seems 
also to have been a periodical spring. One of the first and best 
autlienticated accounts we have of this burning fountain is to be 
met with in Lucretius, to whose comprehensive research as a natural 
philosopher, we have already had frequent occasions of expressing 
our obligations. It occurs in lib. vi. 879i of his Nature of Things^ 
as follows : 

# See the preicot Cliapterj Sect. i?. art. 6. Gisfletwick W«U, 



SliqipKJadt flOunaiD, coocepto proltiiiii ignii 
Tedaque couitnili ratione, «dcenn per uadss, 
Coolucct, quoquomqut natins iapeUitur aurts : 

A fbuBt tbere U, loo, which thonpih cold ilself, 
Wilh isttlnl flsre the casual flax iDflamei 
. . Tbrowa o'er its surface ; aod ibe buoyant loich i 

Kiadks alike hnmediate, o'er its pool 
Steoing Uw course th' etherial bieese propels. 
^ , ■ Good. 

. Upon tbb nibject ve must again have recourse to the learned 
' traru)ator** ezplanalion and eicniplificalion of this curious phsno. 
iiicuon, which he gjvc^ us in the following note sntyoined to Ibe 
trdoslulion we Ijave now copied. 

" This M.pfrha|is a moK extnordttiaTy plia;nonicnoQ tlian that 
of hoi spring). The account, however, i* coiitirmed by Pliny, who 
adds, ihal it wa> siliiiited near the (emplc erected to Jupiier at 
Dodona, ii. 103. ' In Dodone Jovi* Hutem fons, cum sil gclidus, 
et immersas fnces e\trngu>it; si exiincte adinoveaiifiir. accendjl,' 
But this is not Ihe only fouutUD of this nature of wliicli Pliny makes 
nicntiou: for in lib. xxxi, 3> be enumerates two more, tlie one in 
India, denominated Lycos ; and the other at Ecbataiia, which Lt in 
like manner desFribrd by Salinas, Such may have exiiled for any 
thing we can affirm to the contrary, and our author's n-asoning upon 
the nature of their operations is at least consisnent and iugeuious. 
Even in modern chemistry llie approsimatiou of ditferetit subslancea 
that are highly charged with latent or elementary fire, \\k Jirt-ieedt 
of Lucretius, although sensibly cold to the touch prior to thiir 
contact, will occastiinally produce the effect here delineated, and 
burst ftirUifnto the most surprising and inslanlaneous blaze. But 
lliis phseooutenon is more frequently produced by an admixture of 
yegetable essentia) oils wilh highly concentrated mineral acids, and 
especially those of nitre and sulpbur, than by the union of any other 
lubslances. 

" The springs here spoken of consisted, in all probability, of 
pure liquid bilumen | or if' not, of springs on the surtace of which 
bitumen floated ia great quaRlities. Such are by no means unfre> 
VOL, m. L 
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qneot hoth kt our own comitiy and abriMkl ; the notl nmarSiNiv 

periiapsj. amoqg onndves, is that of Fitchlbnl* in 8hro|iabire, where 

the bituminoot fiud bubMes forth horn tKt emrth like a fountaio. 

ta Italy thej am »ok oohibmni itilK and' vety geoeial in the ble of 

Barbadoes. But the moat estraordinavy bitiiminoM springs, of 

which we hafe any account, arc in the Knaan enipii««. In the 

profince of Arracon Mtjot Sjmes met with » eonskleraUe daster 

of them, the depths of whose welb waa about thirtj-sefen ftithoms ; 

and the column of oil eontaiikd in them genetally an high is the 

waist of tliose who descended for the pnrpeae of coUeeting it. The 

Lycos of Plmy, which, as jast obsenredy-he placea in Indian was 

probably one of these very fountains. A lighted torch or bundle 

of lighted tow, applied to any of these springs^ will immediately 

set the whole surface fai a blaae ; and, peihaps^ if such torch or tow 

were to be strongly hnpregnated with highly concentrated nkrict or 

sulphuric acid, they would produce the same eftcf j even witfcoat 

faenig lifted. The essential oil thai most certainly inianies when 

imddenly blended with these mineral acids, is that of tnrpentiac^ 

an oil allied to bitumen. It is probable, therefore, that in the cast 

to which Lucretius alludes^ the torch or tow made use of was alwajs 

previously impregnated, if not with nitric or sulphuric acid^ wKh 

some other substance possessed of n similar uiflammabllity. The 

inhabitants of the Ugurian republic have hitely employed, whb gveit 

advantage, the petroleum of a spring recently discovered at Amlano^ 

for the purpose of lighting their towns and cities: the petroleum is 

pure ; its specific gravity to that of water being as 8a to 100 : to 

oil olive as 91 to 100. In- the neighbourhood has also been lately 

discovered a stnitum of bituminous wood, which is of equal use as 

a fuel. It easily inflames and gives a strongit heat than the charcoal 

of oak. Its cinders contain potash^ oxyd of mm, lime and mag nes i a, 

See Anuales de Ghemie, vol. xlv* 

'' It b to a tree and a fountain bf this description, that CaaMieas 
refers in the following verses of his Lusiad ; which I qnote in fntAes 
cpnfiimation that I have here rightly conjectured the Eind of qiwiag 
adverted to by our own poet : Cank %• 135. 

<* Te imquella que o tempo tomon llha 
Que tambero flamas tremulas, vapora, 
A fonte qpe oleo mana,^ ed a mafavilli» 
Do cheiioso Ikor, que o trooco cliora.. 



CATARACTS, AND INCSD ATIONS. Itf 

^^ •• Lo, gleaming blue o'er fair Sumatra's ikies, 
: Anotlier muutitain's trembling ftaniea arise ; 

Here fmm tbe trees ibe gum all fragrance swells, 
jintJ tofleit ail in tcond'rotti fountain weltt. 

MlCKLE." 

So far the learned translator and coioinenlator upon tbe'NAtu&K 
, OP Thinos* : wIk) bas travelled so widely and explained himself 
so fullvi that it only remains for us to offer a few other sbgulai 
example*, in addition (o (bote he bas so ruriouslj selected. 

£ditok. 

3. Wigan Well, in LaneatKire. 

' ■ By Thonm Shirley, Esq. 

About a mile from Wigan in I^ncMhirc is a spring, the wAtei 
of which is siipposeil to burn like oil. Il is true that when we came 
to the spring, antl ap)iSied a lighted candle to the surface of the 
water, there was suddenly a large flame produced, which burned 
vigorously. Having taken up a dishful of water at tbe flaming 
place, and held ibe lighted candle to It, the datne went oul- Vet 
I observed iliat tbe water at the burning place boiled and rose up 
like water in a pot upon the fire, though ray hud put into it felt 
no warmth. 

This boiling I conceived to proceed from the eruption of sonw 
bitiiiuous or sulphuruus fumes ; considering this place was not above 
80 or 40 jards distant from the mouth of a coal-pit there. And 
indeed Wigan, Ashion, and the whole country for many nulet 
compass, is underlaid with coal. Then applying iny hand to tlje 
aurface of the burning place of the water, I found a strong breath 
like a wind bear against my hand. Upon making a dam, and 
liindering tbe recourse of fresh water to the burning place, I caused 
that which was already there to be drained away, aud then applying 
the bunuig candle to tbe surface of the dry earth at tlie same point, 
wheiv tbe water before bttmed, the fumes look (ire and burned 
Very bright and vigorous. The cone of tbe flame ascended a foot 
and a half from the surface of the earth. Tbe basis of it was of 

• Sc«Good'>TnMl«l[«Bi>fLDCTF(iw, VoLlI. p. 5H. 
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the compiss of i maiTs hat about the brim. I then caused a bucket 
full of water to be poured on the fire« by which it was presently 
quenched. I did not perceive the flame to l>e discoloured like that 
of sulphurous bodies, uor to have any manifest smell with it. The 
fumes when they broke out of the earth and pressed against my 
hand» were not to my best remembi|UK^ at all hot *• 

Fhii. TVofU. Jbr. 166T. 

3. BfOiehy Spring in Shropihire. 

By Mr. Richard Hopton. 

Tbi fimious boiling well at Broseley^ near Wenlock» in the county 
of Salop, was discovered about June, 17 1 1. It was first announced ' 
by a terrible noise in the night, about two nights a(ter a reniaAable* 
day of thunder : the noise, awaked several people in their beds^ thai 
lived hard by ; who coming to ia boggy place uqder a little hpl 
about 200 yards from the river Severn^ perceived a surpiimg 
nmbling and shaking in the earthy and a litHe boiling up of water 
through the grass* They took »spade, and drgging up some part 
of the earth* immediately the water flew up a great height, antf a 
candle that was m their band set it on Are. To prevent the spri^ 
being destroyed, an bon cistern is placed about it» with a cover to 
be Fookedy and a hole in the middle, through which the water may 
be viewed^ If a lighted candle, or any thing of fire be put to this 
hole, the water uumediately takes fire, and bums like spirit of wine, 
or brandy> and contuiues so long as the air is kept from it ; but by 
taking up the cover of the cistern, it quickly goes out. The beat 
of thb fire much exeecds the beat of any fire I ever saw, and seems 
to have more than ordinary fierceness in it f • 

Phii. TVant. Abr. 1713. 



* The fumes here mentioned were inflammable air or hydrofen gaa, of whkll 
tke rapid aicent through the water gave it the appeanuice of boiling. 

Phil. Tramu Akr. 1667. 

Thi»well may therefor? be regarded ai another instance of (base we bave 
adverted to in Section V, of the present chapter, under the name of Bm^lm^ 
Springt, or springs that from the quantity of elastic gas with which the water 
b combined, have the appearance of boiling without any sensible inovaae of 
heat. '-EoiToa. 

f The apparent boiling and ascent of the water of tbii spring, are still aore 
obviously tht result of hydrogen gi^ or intUmmable air, as it is commonly called^ 
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4> Biluvtinous Tounlaiti at Craeoa, with a Notice of variout 
other iiiJtammabU Springs. 

B; Dr. TancTcd Robinsoii. 
Wbbk T delivned mjp thoughts* conceming botlbj; foontiins. 
Iheir vfrietiei aod csues, I had not then tiine enougb to itoentioo 
the burning onei, except that uot only Wigan m LancuhiK, tiHi 
which those burning fountains, near Grenobte in.Diuphin«, neit' 
Cibiniam or Hermanstadl in Transylvania; aear CliemiB;, a Tilhge 
in SwitxerianH, in the Canton of Friburgb; and that not far firom 
Cracovia in Poland, do agree ia many particulars: as in being ic 
toally coM, yet iDflamffiabte and taking fire at a distance, on the 
■pfilication of any liglii body; which the boiling springs near Peioaf ' 
'win not do; this ought to be understood of them in their Kmrce^ 
because vrben removed from tlience, neither the walen,- nor tbd^ 
earths w31 produce any such phKnomena. as boiliog or Saming. 
' It is related of the buniing fouataiu in the palatinate of Craco^i 
that on evaporating the water, a dark or pitcb-Iike substance xaxj 
be extracted, which cures the most iiv*eterate ulcers in a very short 
time ; and that the mud iisetf is very powerful against rheumatic 
and gouty pains, palsies, scabs, &c. The inhabitants of au''adja- 
eenl village, drinking much of Ihe spring, do generally live to lOO 
'Cr<lM years, which is attributed to the sanative virtue of (fi^ 
water |. 

Pha. Trttn$. iSSff. 



daw [It Ike prccedint ioiUDce ot Wigau-Well. Aim! to Ihe reader's litjlf 
Mqntinled with the prodigioiu qoCDliliFa of tlii> nialerial tlial are ficqnentljr 
hm\Bf: in catitln below tbr ■arfoce of Ibe earib, ii ii oni; Deccinr; fbr bin 
ta lenrtli) Ibe eKlentlve Bud Ireoendmu miuhlef prodoced bj il mi ataM 
•ccutoB at Felling Colliciy, ai alread; related in cbapler ^tTilL *rclioB liiit 
er Ibe present work. Editob. 

■ See Section v. I. of (he pteieiil chapter. 

f \Tc bite alretdy noiicrd in a prrcrding exiraci from lUr- Good's Tians- 
latioo of Lucieliiu, seep. 140, ■ more perfect pilch Or bitumen nblained rmn a 
spring at Arniino, In Ihe Ligarian Republic, and which the inhabilaitti of .the 
counlrj' have been lagenioui enougb to employ for tlie pnrpoie of ligbllDg 
Ikcir lowni aad citirl. And Ihe eniuing article will be found to contain a far 
mors eitrnsive intlance of t. ttmilor lecrclion, uh) capable pcihap* of being 
conierled to WUl more inefiil porposes, snd upon * mocb lar|er icbIp. 

Editok. 
L3 
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5. Piich Luke tf ike hUmd •/ Trinidad. 
E|y Nidiobt Nugeot, M.IX 

BfiiMO desirous to Tisit the celebrated lake of pitcb. pre?io«sfy 
|o ny departure from the Island of Trinidad, I embarked with that 
hiteotion iu the anonth of October, I807, in a small Tessel at port 
Spain. After • pleasant sail of about thirty miles down the Oulf 
of Paria« we arrived at the pout U Braye, so called by the French 
from itt charpicteristic feature. It is a considerable headland^ aboot 
eiighty feet above the level of the sea, and perhaps two miles long 
and two broad* We landed on thfe southern skie of the point, at 
Ihe piantatkNi of Mr. Vessigny ; as the boat drew near the shote» I 
was struck with the appearance of a rockj bluff or small promontoiy 
of a reddish brown colour, very difierent from the pitch which I had 
expected to find on the whole shore. U)>on examimng this spot, I 
found it composed of a substance corresponding to the porcelaai 
jasper of nuneralogists, generally of a red colour where it had been 
exposed to the weather, but of light slate-blue in the interior; it is 
a very hard stone with a conchoidal fracture, some degree of lustra 
and is perfectly opake even at the edges ; in some places, fton Ihe 
fction of the air, it was of a reddish, or yellowish-brown, and an 
earthy appearance. I wished to have devoted more time to the 
investigation of what in the language of tbe Wenieriau school is 
termed the geogiiostic relations of this spot, but my companions 
were anxious to proceed. We ascended the liill, which was entirely 
composed of this rock, to the plantation, where we procured a negro 
guide, who conducted us through a wood about three quarten of a 
mile. We now perceived a strong sulphureous and pitchy smeH, 
like that of burning coal, and soon after had a view of tbe lake^ 
which at first sight appeared to be an expanse of still water, fre. 
quently interrupted by clumps of dwarf trees or islets of rushes and 
shrubs : but on a nearer approach we found it to be in reality an 
extensive plain of mineral pitcb, with frequent crevices and chasms 
filled with water. Tbe singularity of the scene was altogether so 
great, that it was some time before I could recover from my surprixe 
so as to investigate it minutely. The surface of the lake is of tbe 
colour of ashes, and at this season was not polished or smooth so 
as to be slippery ; the hardness or consistence was such as to bear 
any weight ; and it was not adhesive, though it partially received tbe 
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inpreuiou of tbe loot; it bore us without aoj' tremulous motion 
wtiHlever, ami several head ut' cultle wcic browsiug on it iu perfect 
•acaritjr. 1b llie dry (ewoo, howeTei^ ibe lurtacc ii much noic 
^icldkig, ud imut be in h stBle nyroMhing lo fltiidit)!, as i« iboHB 
hy pwccs of Ncmt wood and «lber Mbstaucet baiug enveloped ia 
iu Even large bnocbe* of treet which wore a foot above ibe lavol, 
kftd ia MMaa w*y become enveloped in tfae bituninoiu maUei. The 
iMecMicei or cha*aM are very numeroui, nmi^riui and joining in 
every direction, and in the wetaeuon, being filled vrith water, preaent 
tbe only olMtade to walking over the lurfape-: Ibeu cavities are 
ganenllj deep in pn^rtion to itaeir width, totae being only a few 
fachtt is depllit otlwfs Kweral feel, and many almoit un&lbonabic: 
tlw water i* them i* good, «kI unoontatniantod by tlie pitcfa; Ifae 
feaple of tbe ncigtabonrbood derive tirair supply from tUa mnitm* 
■«d refnsfa tfaenuHvet fay bathing in it ; fish are caught ■ it, ami 
particnlarly a very good species of mullet. Tht arningement of tbe 
cfaaanM is vary singnlar : the udea, which of course are fonsed of 
Ac pildi, are invaiiably shelving fVem Ibe surbce, so as nearly to 
aect at dM bottom, but then they bulge out towards each other 
sntb a eonsiderabte degree of convexity. This BMy be snpposed lo 
driw from the teodenqr iu the pitch slowly to cnnteaoe, whenever 
•oAened by tbe intensity of the sun's rays. These crevices am Jmowu 
•ccasionally to close np entirely, and we saw nnny marks or seams 
from tha cause. How these cicvices originate it may not be so easy 
to cxplam. One of nur party suggeaeed that the whole mass oif 
fitch might be supportad by the water which made its way ibrougfa 
aocidcntal rents; bntiQ tbe solid slate it is of greatcripecificftavily 
than water, for several bits thrown into one of the pools immediate^ 
a^k *. The lake <I call it so, because I think the eommon dame 
■ppmpriale enough) contains many islets e«vered with long grass 
and shrabhs, which are tbe faannts of birds of tbe most es<]uisite 
plumage, as ttie pools are of snipe and plover, AUigalon aie also 
taid to abonnd here; but it was not u«r lot lo encounter any of 



■ Pircriof aiiihaltnmarr, I bclicTe, rrrqaenll<r found floaliag an theDcnd 
Srain Palcitinc) bat ihiiarlMi probably froni Ihc eilraordinarj siiedfic gmtitj 
oftbe wnlFTiDr ihal lake, iriiicli Dr. Marcrl foDiid ta be l-Sll. Mr. Hatcheu 
•lain the specific gr«*itjof ordinary uptwllsoi lo nr; froas l-0!81o 1-163, 
bat In (wo TMielk* of tbsl sf Tnoidad it was al (rcBl ■* 1*336 and 1-774. 
1'4 
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tbete Mtmkk ttknoi twf to ^Mb preciiely the extent of tbit* 
gtett coUeelioii of pileb; tlie line Hetwees it and the oeigblxNiffiog 
son it not ftlwayi well defined^ «od indeed it appears to form the 
MilMtnitani of the anrrounding traet of land. We nniy say, how* 
evfer, that it is bounded on the uorfh nod west sides by the sen, on 
the south by the rocky enshMiiee of poieelain jasper before men* 
tinned, «nd on the east l»y the usual nrgiilnceous soil of the oooutry ; 
the mam Imdy may perhaps be estimated nt three miles in ekcnm* 
(eience ; the depth cannot be nscertained, and no subjacent rock or 
^ can be disoo?€red. Where the bitumen is slightly oofeicd by 
snOt there are phintntionf of cassava, phwtatns and pinenipplca, the 
last of which grow with luxuriance and attam to great peifeeiioib 
Th^re nre three or four Flrench and one English sugar estntes in the 
immediate neighbootbood : our opuiion of the soil did not^ bownvo; 
coincide with that of Mr. Anderson* who in the account be gafo 
some years years ago thought it very fertile. It is worthy of remnrkt 
that the main l>ody of the pitch, which may properly be called the 
lake, is sitmted higher than thiS adjoroing famd, aiid that you iksceni 
by a gentle slope to the sea, where the pitch is much contaminnted 
by theaand of the beach. During the dry season, as I have befbi» 
remarked, thb pitch is much soflaned, so that difierent bodier bava 
been known slowly to sink mto it : if a quantity be cut out, the 
cavity left will be shortly filled up ; and I liave beard it related, that 
when the Spaniards undertook formerly to prepare the pitch for 
CBcooomical purposes, and had imprudently erected their cauldrons 
on the very lake, they completely sank in the course of a night, so 
as to defeat their intentions. Numberless proofs are given of its 
beinj; at times in this softened state : the negro houses of the vicinage, 
for instance, built by driving posts in the earth, frequently 'are 
twisted or sunk on one side. In many places it seems to have 
actually overflown like lava, and presents the wrinkled appearance 
which a sluggish substance would exhibit in motion. 

This substance is generally thought to be the asphaltum of 
naturalbts: in different spots, however, it presents different appear- 
ances. In some parts it is black, with a splintery conchoidal fracture, 
of considerable specific gravity, with little or no lustre, resembling 
particular kinds of coal, and so hard as to require a severe blow of 
the hammer to detach or ' break it ; in other parts it is so much 
^BoAer, as to allow one to cut out a pie<!^ in any form with a qiade 
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or hstctiel, and in the iiitrrioru vesicular atiH oily: this is ihe cliitrac- 
ter of b)' far tile grcitlcr portion ul' lilt wliole iiiaM; in one pldcc it 
bsbbfn Dp in a pertectl; fluid stale, to that yaii may take it up in a 
cup; and lam hifnrmrd Ihat in one of tlieud^jlibouriiig planiations 
tfaen if a tpotMlwre it is of a bright colour, jbiiiing, transpareat and 
briltlclike bottlvglaas or resin. 'Jlie odour in ail tlieie instaucei it 
ilroDg, end like tbat of a cmnhination of pitch and* sulpbui. No 
■viphnr, however, is any where to be perceived ; but from the atrung 
ekhulatimi of that lubstaoce and the afiinity wbicU is ktiowu lo ekitt 
bet«<ea the fluid bitaniens and it, uiucb is, no doubt, cunlained in a 
state of eomlnnatiiMi : a bit of the pitch lield in ibe caudle inelta 
like scalinptwax and bums wiih a light flame, which U evtinguiihed 
whenever it is removed, and on cooling llie bttunieii fiardent again*. 
From this property it is suJScieolly evident that this snl-siance may bfl 
coiiverled to niaoy useful purposes, and accordingly it is uoiversall^r 
used in tbe country wherever pitch is required ; and Ihe reports of 
the naval oflicers who have tried it are favourable to its more general 
adopliun : it is requisite merely to prepare it with a pjuporlioU of 
oil, tallow, or common tart lo give it a suflicient degree of Auidily. 
In Ibis point of view, this lake is of vast national ioi^rtance, and. 
more cipecially to a great maritime power. It is indeed uagnlat 
that tbe altenlion of government sliould uot have been more forcibl; 
directed to a subject of such magnitude : the atlempts that have 
hitherto been made lo render it extensively useful have for the most 
port been only feeble and injudicious, and have cousequenlly iM'ovcd 
abortive. This vast collection of bilumeu might io nil probabililjr 
affiird an inexhaustible supply of an eMential article of naval stores^ 
and being situated on the margin of tbe sea could be wrought an4 
diipped with little inconvenience or expense *. It would however 
be great ii\justice to Sir Alexander Cochrane not to slate eifriicitly, 
that be bas at various times, during his long and active command on 
tbe Leeward Island station, takrn considerdble pains lo iosure a 
.proper and fair trial of this mineral production for the highly 
important uses of which it is geiierdlly believed to be capable. But 
whether it bas arisen from certain perverie occurrences, or from the 
prejudice of the mechanical superinteudaiits of the colonial dock< 

* This ii)aDd contain) alioa paU qiuDlitj of TsluaUe limber, and leiriw 
lilanM ntiicli jiclil oceileol b«mp. 



lii4' f pfttN^it, mitimt^ eAirjkUf &akib» 

jtai»9 or fvilly» as some btw preleiidcdy from an ahtoliife w ifi t u a w 
of the tubftince fa quastioa ; Ae m«vt of the gallaiit admiral Inve, 
I' bel{ete» been invariably thwarted, or his exertions rendered 
^together ftnitless. I was at Antigna in lOOg, when a transport 
arrived laden with this pitch for the use of the dock<jard at English 
Harbour : it had evidently been hastily collected with little care or 
Jteal from the beach, and was of course much cootaroioated with 
stad and other foreign substances. The best way would probably 
be to have it property prepared on the spot, and brought to the 
state in which it may be servieeabiej previously to its exportation. 
I have frequeutly seen it used lo pay the bottoms of small vcssels» 
Ibr which it » particulariy well adbpted, as it preserves them from 
the numerous tribe of worms so abundant in tropical courtries*. 
There seems indeed no reason why It should not when duly prepared 
and attenuated be applicable to all the purposes of the petroleum of 
Zante» a well known article of commerce m the Adriatic^ or that of 
the district m Burmah, where 400»000 hogsheads are said to be 
ecdleeted annually f. • 

It is observed by Capt. Mallet, ki Us Short Topographical Sketch 
of the island, that « near Cape hi Brea (la Braye) a little to the 
sinitluwest, is a gulf or vortex^ which in stormy weather gushes oul, 
liusaig the water five or six feet, and covers the snrfiice Ibr a eoSf 
siderable space with petroleum or tar ;** and he adds^ that on the 
east coast in the Bay of Mayaro, there is another gulf or vortex 
similar to the former, which hi the months of March and June 
produces a detonation like thunder, having some flame with a thick 
black smoke, which vanishes away immediately ! in about twenty- 
four hours aOerwards is found along the shore of the bay a quantity of 
bitumen or pitch, about three or four inches thick, which is employed 
whh success.* Captain Mallet likewise quotes Ouniilia, as stating 
in his Description of the Oroonoco, that about seventy years ago ** a 
qx>t of land on the western coast of this bland, near half way 



* The differeot kindi of bitumen lui?e always been found particnimitj ob* 
noxious to the class of Insects. Th^ere can be little doubt but that they fonwd 
hif^redlenu in the Egyptian compost for embalming bodies, and the Arabians 
are said to avail themselves of them in preserving the trappings of their horses. 
Vide Jameson^s Mineralogy. 

t Vide Aikin's Dictionary of Chemistry, quoted from Captaia Cox in the 
Asiatic Researches. 
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l»e(wp«i the rapital, bd Indian village sank suddenly, and wbs 
imiiiedial. ly rej>laced by a small lakf of pilch, to tlif great terror 
of the inhabit ant 9." 

1 have had no opportunity of ascertaining personally wlietlier 
these staleiueuts are accimtf, though siifficivutly prohahle from 
what is known to occur in other parU of ihc ^^'o^td ; hut I have 
been informed by several |i«ntuiis that the •«» in the neigh hourhoud 
of La Bniye is occasioiially covered wilb a fluid bitumen, and tn 
the south-easlem part of ibe inland there i.i cerlaiuly a siiiiilitr 
collectiuu of thii bitumen, though of less extent, and many small 
dctaclied spots of it are to be met with in the woods : it u even )dd 
(hat an evident Hue of comiuuninilioii may thus be traced between 
tlie two great receptacles. There is every probBbility, tbit iu all 
ibe^e cases the pilch was originally fluid, and hu sinre beconw 
iiispis»ii«il by exposure to the air, as happens in the Dead Sea and 
oljier parts of ttiu F«isl. 

It is for geologists to explain the origiu of thi* singular phnno- 
nieiion, and each sect will doubtless give a solution of the difiiculty 
acconliug to its peculiar tenets. To frame any vei^ salisfiicloij 
hypothesis on the subject, would require a uore exact investigalioD 
of the aeigbbouriug country, and particularly to the soulliward and 
etitwani, wfaicb I bad not an opportmiity of vtsitmg. And it mtiU 
be reMcmbered that geological inquiries are n«t cooduetcd here with 
that ftciliiy which (hey are ui lome other parts of the wmid: tb€ 
■oil is almost universally covered wjth the thidiest and most luxHriant 
vegetation, and the strangtr is soon exhausted and overcome ^xy 
ftK tcorching rays of a vertical sun. Immediately to the soutbwaM 
the face of tbe conntiy, as seen from La Braye, is a goed datl 
broken and rugged, which Mr. Anderson attributes to some con- 
vulsion of nature from snblerranean fites, in which idea be ii coo* 
firmed by faaviiig, found in the neighbouring woods several hot 
firings. He is indeed of opinion that ttiis tract has experienced 
tlie efiectfl of the volcanic power, which, as he supposes, elevated 
the great monntains on the main and the northern side of the 
island *. tlie production of all bituminous substances lias certainly 
wilh plausibility been attributed to the action of subterranean fiiea 
on beds of coal, being separated in a similar inaooer as wbea 

• ^'ide Pliiltn, Traai. toI. Ixiii, or Ann. Resiiter for 1189. 



156 ifBIKCIf, miTBES^ CANALS, LAJKKS, 



eflbcted by artificial lieat» and tbot tbey may be (raced tfuougb tbt 
TBrioas transfomiaticMif of vegetable matter. I was aecordmglj 
fiarticular In nij enquiries with regard to tbe existence of beds of 
coal, but could not learn that there was any certain trace of that 
substance in the i4and; and though it may exist at a great depth, I 
nw no strata that indicati it. A firiendt indeed^ gave me spedmeas 
of a kind of bituminous shale mixed with sand, and which he 
brought from Point Cedar, about twenty miles distant, and I find 
Mr. Anderson speaks of the soil near the pilch hke contauiiog 
bomt dnderSfbot I imagine he may have takea.for them the smaB 
fiagments of the bitumen itself. 

An examination of this tract of country could not fiiil, I tiink, 
to be highly gratifying to those who embrace the Huttonian theory 
of the earth ; for they uiighl heboid the numerous branches of one 
of the largest rivers of the world (the Oroonoco) bringing down so 
amaxing a quantity of earthly partides as ta discolour the sea in a 
most remarkable manner £ot many leagues dbtant * ; they might 
see these ^rtbly particles deposited by the influence of powerfiil 
currents on the sliores of the Gulf of Paria, and particuhirly on 
the western side of the island of Trinidad ; they might there 
find vast collections of bituminous substances, beds of porcefaui^ 



* No icene can be more ma^oific^nt thantbat preientedl on a near approach 
to the DorUi«weitera coast of Trinidad. The sea is noC only changed froa a 
light green to a deep brown coloar, bnt has in an extraordinary degree thit 
rippling, confuted and whirling motion, which arises from the violence of 
contending corrents, and which prevail here in so remarkable a manner, par- 
tlcoburly at those seasons when the Oroonoco is so swollen by periodical raias, 
that vessels are not anfrequently severtl days or weeks in stemming them, of 
perhaps are irresistibly borne before them far ont of their destined tract. The 
dark yerdure of lofty mountains, covered with impenetrable woods to the very 
Bommils, whence, in the most humid of climates, torrents impptoonsly msih 
through deep ravines to the sea ; three narrow passages iato the Golf of Paria, 
between ragged mountains of brown micaceous schist, on whose cavemaai 
sides the eddying surge dashes with fory, and where a vessel most necessarily 
be for some time embayed, with a depth of water scarcely to be fathomed by 
the lead, — present altogether a scene which may well be conceived to have 
impressed the mind of the navigator who first beheld' it with considerable sor* 
prise and awe. Columbug made this land in his third voyage, and gave it the 
name of the i^ocas del Drago» From the wonderful discoloration afld turbidity 
of the water, he sagaciously coaclodcd that a very large river was near, and 
consequently a great continent. 
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jaiper, and tuch other bodies at may readily be supposeil to 
arise from the niodiried nclii>n of heat on such vegetable and 
Ciirlhy material) as the nalers art' known actually to ilepoMt, 
Tliej would fLiTther perceive no very vague traces of subterranean 
fire, by wliich these cbauges may have been effected and the 
whole tract elevated above the oniiiiLiry level of the general loose 
Mi1 of the country: as for instance, but sprii>g», the vortices 
above iitenlioned, the frequent occurrence of earthquakes, and 
two singular »ei»i-vnlranic mounds at Point Icaque, which, though 
■ol very near, throw liglit on the genenii character of the country. 
Without |)ledE{in<r myself to any particular system of geology, 
I cOTilvu m eiplsnalioo similar to tbis appears to me iiiflidMitly 
probilile, and consonant with the known phenomena of natnn. 
A vait river, liite the Oronnoco, must for »gta have rolled down 
gml quantitiei of woody and vegetable bodies, which from certain 
CWnei, — aft-the infiuence of currents and eddies.-^may have been 
arrested and accumolated in particular places; they may there have 
■ndergone those transformations and chemical changes tvhich vari- 
ous vegetable substances similarly situated have been proved to 
■aSicr in other parts of the world. An accidental £re, sacli as i> 
known frequently to occur in the bovreli of the earth, may than 
bare operated in separating and driving off the newly formed bito* 
imi more or less combined with siliceous and argillaceous earths, 
wliicfa forcing its way tbrougb the surface, and afterwards becwning 
iHprssaled by exposure to the air, may hare occasioned sucb scenes 
■■ I have ventured to describe. The only other couptry accurately 
tesembling this part ufTrinidad, of which I recollect to have tead, 
li that whkb bordcn on the Gulf of Taman in Crim Tarlary ; Aon 
dM representation of travellers, springs of napltta and petro)etn 
taiually abomtd, and they describe volcanic mounds precbely 
linular to those of Point Icaque. Pallas's e:(plaaation of their 
-origin seems to me very satisfactory ; and I think it not improbable 
that the river Don and Sea of Azof may have acted the same part 
h prodocing these appearances in the one case, as the Oroonoco and 
Onlf of Faria appear to have done in the other*. It may be 
Mi^>posed that the destruction of a forest, or perhaps even a great 



• Vide Unlvervl )bgul«! for Febmtr; ISW, Hn. Guthrie'i Tour ia th* 
aide, or Vojft* de hllai. 
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MifViM OB the ^lot, wfwld be ainon obviom mode of tccouiitiiig 
fortius tiognlar phseooiuenoo; bat, m» I thall immediately state, 
all thif part of the island is of recent alluvial formation, and the 
land all along this coast is dailj receiving a considerable accession 
liom the surroonding^ water. Ilie pitch lake with the circumjacent 
tract being now on the margin of tlie sea, must in like manner have 
had an origin of no very distant date; betidesj according to the 
above representation of Capt. Mallet, and which has been frequently 
corroborated, | Buid bttamen ooses'up and rises to the surface of 
fbe water on both sides of the island, not where the sea has 
encroached on and overwhelmed the ready-formed laud, but where 
it is obvbusly m a veiy rapid manner depositing and formiiig a new 



From a consideration of the great hardness, the specific gravity, 
and the general external characters of the speciipens submitted a 
few years ago to the exansinatioo of Mir. Hatchett, that gentleman 
was led to suppose tliat a considerable part of the aggregate mats 
at Trinidad was not pure mineral pitch or asphaltum, but rather a 
■porous stone of the argillaceous genus, much unpregnated with 
bitumen. Two specimens of the more compact and earthy aor^ 
amlysed by Mr. Hatchett^ yielded about 32 and S6 per cent, of 
pure bitumen : the residuum m the crucible consisted of a qpoQgy, 
friable and ochraceoiis stone ; and 100 parts of it afforded, as fu 
as could be determined by a single trial, oif silica 60, alumina 10, 
oaide of iron 10, carbonaceous matter by estimation II ; not the 
smallest traces of Ume could be discovered ; so that the subitanoe 
has uo similarity to the bituminous limestones which have beea 
noticed in different parts of the world •• I have already remarked, 
that this mineral production differs considerably in different places. 
The specimens examined by Mr. Hatchett by no means coriespond 
in character with the great mass of the lake, which m most casein 
would doubtless be found to be infinitely more free from combma- 
tioo with earthy substances; though from the mode of origin which 
I have assigned to it, this intermixture may be regarded as more or 
kss unavoidable. The analysis of the stone after the separation of 
the bitumen, as Mr. Hatchett very correctly observes, accords with 
the prevalent soil of the country ; and 1 may add, with the soil 

• Vide LiniiMD Tnat. vol. viii. 
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ddydtporiM by the fait, apd widi the conpoiitioi of the porce 
lun jaiper b imitdrnt^. contact with the hitaminout miss. 

All the countrj which I have rbited in Trinidad is either decidedly 
primitive or alluvial. Tlie great northern range of mountains which 
runs from east to west* and b connected with the Highlands of Paria 
oo the continent hy the Islands at the Bocas, consists of gneiss, of 
mica slate containing great masses of quartz, and in many places 
approachbg so much to the nature of talc as to render the -soil 
quite ooetuous by its decomposition, and of compact bluebb gray 
limestone, with frequent vems of wbite crystallized carbonate of 
Inne. From the foot of these mountains, for many leagues to the 
aouthward, there is little else than a thick fertile argillaceous soil, 
without a stone or a single pebble. This tract of land, which is 
low and perfectly level, is evidently formed by the detrkus of the 
mountahis, and by the copious tribute of the waters of the Oroonoco, 
which being deposhed by the influence of currents, gradually accu- 
mulates; and in a climate where vegetation is astonishingly rapid, 
b speedily covered with the mangrove and other woods. It is 
accordingly observed, that the leeward side of the island constantly 
encroaches on the gulf, and marine shells are frequently found on 
the laud at a considerable distance from the sea. This is the 
character of Naparima and the greater part of the Country I saw 
along the coast to la Braye. It is not only in forming and extending 
the coast of Trinidad, that the Oroonoco exerts its powerful agency: 
co-operating with its mighty sister flood, the Amazons, it has mani- 
fcstly formed all that line of coast and vast extent of country 
hicluded between the extreme branches of each river. To use the 
language of a writer in the Philosophical Transactions of Edmburgh ; 
^ If you cast your eye upon the map, you will observe from Cayenne 
to the bottom of the Gulf of Paria this immense tract pf swamps 
formed by the sediment of these rivers, and a similar tract of 
ahallow muddy coast, which their continued operation will one day 
elevate. The sediment of the Amazons is carried down thus to 
leeward (the westward) by the constant currents which set along 
from the southward and the coast of Brazil. That of the Oroonoco 
is detained and allowed to settle near its mouths by the opposite 
island of Trinidad, and still more by the mountains on the mam, 
which are only separated from that island by the Bocas del Dnigo. ' 
The coast of Guiana has remained, as it wereg the great eddy or 
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rP9ting-p1ace for the washings of great part of South America for 
ages ; and its own comparatively small streams have but idodified 
here and there the graud deposit*.* 

Having i>een amply gratified with our visit to this singular place^ 
wliich to the usual magnificence of the West Indian landscape unites 
the striking peculiarity of the local scene, we re-embarked in our 
vessel, and stood along the coast on our refurn. On the way we 
landed, and visited the plantations of several gentlemen, who 
received us with hospitality* and made us more fully acquainted 
with the state of this island : a colony whicii may with truth be 
described as fortunate in its fdtuation, fertile in its soil* and rkh 
beyond measure in the productions of nature : presentuig, iu abofff^ 
by a rare conililnation, all which can gratify the curiosity of the 
naturalist, or the cupidity of the. planter; restrained in thedeve* 
lopmetit of its astonishing resources, only by the inadequacy or 
population, the tedious and ill-defined forms of Spanish justice, and 
the severe^ though we may hope transient, pressure of the times. 

[Geotogicai Transaciions.'] 

- . 

SECTION VIU. 

Medical Springs^ or Mineral Waters^ commonlt/ so called. 

1. Introductory Remarks. 

Waters holding minerals in solution are usually called mineral 
ztaters. But as all water in a natural state is more or less impreg- 
natcil with mineral substances, the name mineral waters should l>e 
confined to such as are suHiciently impregnated with mineral mat. 
ters to produce some sensible eflfects on the animal economy, and 
either to cure or prevent some of the diseases to which the buniau 
body is liable. On this accouiit these waters might with far more 
propriety be called medicinal^ were not the name by which they 
are commonly Known too firmly established by long use. The 
medicinal materials usuallv found in waters of this kind are gasseous 
acids, sulphur or sulphurets, purg»"g salts, and melals. They are 



• Vide Mr. Lochlicrrs Obspry. on the N»t. Hist, of Guiana. Edin. Trans, 
vol* iv« 
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wrt imci 6lmd of the imwl teiiiperatart» and iiot imfreqiieiitly 
nited far beyond it, of ivbich we have already given a few exam- 
ples in one or two of the preceiliug sections* Tiie Iieat, as we iiave 
also already hinted, appears sonietiiues frpui active volcauos in 
Ihe immediate vicinity ; and soinelinies from the disengagement of 
subterranean gasses |>owerfully coiubiued whli caloric* In many 
instances the heat appears to he generated by ihe decoiiiposition of 
water itself* Thns, for exan4>ie, tiiere are varieties of pyrites which 
are converted into sulphate of iron, by the contact of water, and 
auch a change is accompanied by an evolution of heat* - Were we 
la suppose the Bath S}>ring to flow throus:h a bed of such pyrites, 
its beat might be occasioned by a decomposition of this kind* Such, 
probably, is the way in which I ho^ mineral springs, that con* 
tain sulpbureted hydrogen gas, receive their impregnation. Bat 
we aie pretty certain, that such a supposition will not af ply to Bath 
water: first, because it does not contain the quantity of sulphate 
of iroQ» which would be necessary upon sucli a supposition ; and 
secondly, because instead of sulpbureted hydrageu gas, which 
would infallibly result from such a decomposition of pyrites, there 
is an evolution of azotic gas. This evolution of azotic gas, how,ever, 
is a decisive proof that the heat of Bath waters is owing to some 
decomposition or otber^ which takes place within the surface of the 
earth ; tboogh, from our imperfect acquaintance with tiie ndiure of 
the mineral strata, through which the water flows, we cannot give 
any satikliictory informatioa as to what that decomposition actu- 
ally is. 

In treating this important subject in as popular a way as a some- 
Hlmt ezact and scientific enquiry will allow usj. we shall first take a 
brief survey of the principal medicinal waters of fore^u countries ; 
aeal of those that are domestic or belong to our native sml; 
and then ezamine flw: general nature and proportion of the mi* 
aeral substances that enter into them, and point out the means of 
detecting and analysing tbem. 

' EDrtroB. 
2, FrhieifaH^ortign Medieinat Watert. 

I V the peninsula of Kampscbatka are several hot springs, pot* 
seasiog very stagular ptqperlies. Captaiii King speaks of oaa ae 
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< rtB i^cbwidermblt ostrofr* «r tovni, calM Ntiichmkim, iNitttit 

• thirty'eiglit versts, of twenty.fife miles, from Kmratckin* Il« n5Pt 
a ttean rises from it as from a boiling cBoMrcMi, and the air roaod 
at iiai a strong sulphureous smell. The main spring forms a basoo 
•f aboat three feet in diameter, betide which there are a iramber 
of' lesser springs, of the same degree of heat, in the adjaceit 
giatuidy so that the whole spot, to the extent of near an acre, was 

• ao hot, th^l it was impossible to stand two minutes in the same 
place. The bath was reported to ha?e performed great eures m 
various disorders. In the bathing place Iha thermomoter stocwl^it 
lOCf, or abof • blood-heat ; but in spring, tfker boing knmaiitd two 

. ■Hiwtei^ it was one degree abofo boiling sph'its ; the tbenmMMMr 
*io the ahr at the same lime was S4^. A variety of planta were se« 
lo grow about Ibis spring with great luxunaoce. 

The Baths of Calypso, in Asia Minor, are a little mors tha 

•a mile from tlie city of Bursa, aad form very handsome stpuetnrts 

toter^ with domes ; they tre so fomous for the cam which they 

•bave eftcted in d^rent diseases, that people come ao btuidreri 

miles to receive the benefit of them. 

. . la ConstaDtina^ the eas te sn province of Algiers, near the city at 
tl^is name, which in ancient times was called Cibta, and is now 
llie capital of the praviNce, we meel with a groap eaiiod Iht 
' iNCHAHTBD Baths, situMed on a low gvound, surrounded with 
tmountains. There are here leveral springs of an iatensa hea^ and 
•at a smaU 4kt0B0S ars others extrsiaely cold. Tlio hot spiiagi 
have a strong sulphureous steam : and Dr. Shaw observes, that the 
•heat is so great as to boil a large piece of nuitton very tanker in a 
quarter of aa hour, and that the rooky ground over which the 
water runs, is, for a space of aa hundred ieetf reduced to a stale of 
ealciimtion by the operation of this water in its course^ He adds, 
that these vo«Ju bei«g oiigiaally soft and umforhi, the water, hy 
Biakhif equal mipres|iens every way, leaves them iu the shape if 
cones and hemispheres, which being six feet high, and nearly of lis 
eqpoifeflleter, the Arabs believe to be the tents of their predeces- 
sors metamorphosed into stone. And where these rocks, intermixed 
wi^ their usuat chalky liibstaace^ ooAttia some toycc^ of a hardeff 
matter, not so easily dissolved, there ap|)ears a.-confusion of traces 
.ua4 ahhnuels, forming figures which the Arabs distinguish into 
WLBmi$t borsos^ ao4 ihe^ witb mmv women, and childsea^ whom 
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tiiion.- 
▲fiioDg the Alps are ieveral mineral springs and warm ballis. 

lo Swisserland and Germany there are four towns which bear tlia 
iWam iji Baden, front the wmrm baiki which reader f[)etn remark- 
iftble. In Baden, the' capital of a country bordering on tbecwitdn 
•ofZuikb» the baths were famous even at the commentcmtilt of 
• tbo chrifttian ssra. They are about a quarter of a mile btbw the 
'toww, on both sides the river Liuiniat. The largest of them m9 It 

Imrapen, a pretty little borough, which consists c( baodsofrile 

booses aeatrd on an emroeece* It is computed that the water is 
. wnveyeil by no less than sixty canals to the several inns and pttvaie 
.bonaeai lliey come from variens springs by the side of the river^ 

and it is said from one in tbe midst of the river itself. The wnlets 
-Ut hot in the third degree, and impregnated witJi snipliur, nlam, 

nnd nitre, The springs always rise to the same level, witbont 
jjaereaae or decrease, but are thought to have most virtue about 

the begnining of May and Septemberi because they then abound 

most with the sulphuric acid. 

The water is good for drinking as well as battling, miJ ii recoab 

■Mnded Ant the cure of distempers, not only of the hot Und» ns 
f^tn^ bot Jor those proceeding from cold howounr pains in tbe 
Wtd, vertigo^ Ac. disorden in the breast and bowels^ astbmaff 
Ifesd obstructions. In the centre of tlie phce is tbe Foof^s batb, 
enlled St. Vercua's^ formed by a spring that rises in the very middle 
%t the St wet. Here the poor people bathe in ab open situation ; 
aad its waters being esteemed a cure for steriKly in women, ft h 
gaid that scarce any young wonmn of distitictioa amnies in tbii 
eenntiy without makiag it an article In the narriage««ootfaet tbil 
bar husband sindl take ber every year to tbe baths of Eaden ; tba 
bMbea behig bare pcrmilted to wear those dresset, aad allowed 
tbose dif eiaie'ns, that are prohibited m other parts of Swisseiiand^ 
BlaiaviUe observes, that those who bathe iu the public baths, are 
feaerally stoeh as cannot aflbrd the expense ot the private oncs^ 
bave Ibeir shonlders cufYpcd in them, and that mstead of cuppings 
glaBses they nse large lams or bucks.honis ; so that iu these Iwtbe 
are sometimea seen two or three hundred naked persons of botb 
leseSf witb horns on their sboalders. The i)eople who stay s^ 
Imrapen ibr tbe use of the baths, am4>blige<l to boy the water thigr 
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Me'Tor driuking tlifl dressing their vfcliials, it 1>eifig brought fhmi 
Biiden« or some springs on the other side of the Lininiaf, the water 
of that river being always thick and muddjr* from the rapidity of 
its course among the rocks and sand. 

Prbff^s^ i« Latin laburium, and m French FavUre^ n also 
liuiiout fov its baths. They are seated id a valiiy at the bottoat 
•f two sleep rocks or mouatains. throcigli which tlie rifer Tamn 
mshct down with a frightful noise. The crags of the rocks advaaea 
•o as to fom a Und of arch. Tlie descent to the baths was first 
by ropesi as into a welly aflterwards a passage was made down to 
them bj wooden bridges fastened in one another^ and suspended 
bctwacn Ibe rocks» and then with infinite labour were buUt bagnios 
and ladgiog-roems : but the btnldings were so darkened bv the rockiy 
that they were obliged to employ lighted candles in the rooms at 
noon-daj. In 1629 these buildings were all burned down; bat 
the next year the abbot caused others to be erected, in a pleasanler 
and more liglitsome p1acc» by cutting passages hi the ruck, and 
erecting wooden bridges where the earth was wanting. The water 
is perfectly clear, without either ta^te or smell. It generally rises 
-about the beginning of May, and goes quite away about the 
^middle of September. It is impregnated with s«dplmr, nitre, aad 
several metals, particularly gold. It is hot in the second degree, 
.and good against various dbtempers, particularly obstructions of 
the brain and nerves, pains m the head, epilepsies, deafness, weak 
eyes, palsy, obstructions of the viscera, fistulas, and oilier ulcers. 

Badbn, in tlie neighbourhood of Vienna, is also much celebrated 
and reported to on account of its warm baths. Here both sexes 
bathe, without disthiction, in the same bath, and at the same time. 
The bathing clothes are made to cover the whole body ; and those 
of the women have lead at the bottom to keep them down. Theia 
are seats within the baths for the convenience of sitting in the 
water, which can be raised or lowered at pleasure. The company 
walk up and down in the bath, conversing together, and the ladies 
are sometimes treated with sweetmeau. There are particuUu* doon 
and stairs leading into the separate titove. rooms out of the bath 
where the ^Ufierent sexes dress and undress apart. Soma of the 
common baths however, are within the stove rooms themselves 
and in most of them the water b extremely clear. Tlie prind. 
pal is called the Women's Bath, and next to that the DuMk 
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. cf the poor. The tolphnreotts c€knrNi triBing from the tetiM imft 
«NMt kiitdt of nietils with jfeHow; and a silver cup, after beiag-fome 
lloM used for drinking tile wafer, contracts a sort of gildnif • Theta 
bulbs are chiefly recommended -to patients afflkted whb gout, hune- 
IMUB, pafan in the jotnis, or any arthritic disorders. 
' lu the Yalau are the famous hot-baths called tbe Bniki of 
Lmtek } tbej are hi a vallej about two leagues distant fhmi a TflNga 
^ that name, incloeed on all sides by high mountains, through which' 
Ikare is only a narrow passage to a wood on the south sitle. They 
are fenned by fife tfprii^ not far from each other. The largest^ 
wbklinis e%ht baths, flows plentifully, and the wafer is hot euongh 
Ibr boiling eggs. It is for tbe most part clear, but soihetiuiffl 
A ingss Hi colour. It n puigatire, and good agamst coidsy the 
gout, weak stomacfis, diseases of the lirer, inugs, and splees, 
jfcunsis of sight, eonvnbions, defluxiont, the dropsy, stone, uktrs, 
4kc* There is aaatber of the springs good agamst the Icfirosy, and 
at a small dlMance from these are sereral cold springs, the tairgest 
of which flows only from May to September, that is during the 
summer^ when other springs are dried up^ biit this is ascribed to tbe 
flseltmg of the snow on the Alps. 

Near tba hika of Boorget, in Saroy, b an aUcmating apringb 
wWdi rises and falls with some noise^ but not at stated and regular 
Mmes. After Easter thu alteration is frequently perceived six timca 
III an hour; but in dry seasons not above once or twice : it isitoca 
flom a rock, and is called la Fonimint dt MttttUi* o me w hat 
rfunlar to tins are several of the springs of this countryy that throw 
aip more or less wafer, according to the alterations in the Rhciue; 
but they have seldohi so short and frequent a flux and reflux as iu 
tbe spring just mentioned. They contain diflfereot mmeial sub- 
sHances, but .are chiefly Cc*lebrated for their flux and influx, 

lu Lower Hungary, tbe Tillage of Ribau is celebrated for its 
warm baths on a hill in its neighbourhood. About six hundred 
puces from it, towards the south, in a fine meadow, which makes 
jpart of a most deKghtful valley, is i^ aperture long noted lat ita 
noxious effluvia, wUch have not be«n sufideutly analysed, but 
which have been found to kill both beasts and birds. A stream 
gmbes out from it with great impetuosity, aisd is as rapidly ab- 
aorbed. These efliuvias are not poisonous to man ; for tba wata| 
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mqrbi drank, wai-^ btatts and fowls kiiltd by it may te 

Am LA Gil4FBtLB, ill ike rircle of Westphalia, has been lotif^;: 
disttogoiaked for minenl springs ; h«r« is a uoble fountain, formed 
by four aprifijpi* which run from above iiiio a cop|ier ctslem thirty 
feet in Hianieter» weift^iog twi'kve ihoiisaiHl pounds; aud on tli# 
lop nf the foyntain is a Urge bntii status, c»f Charlemagne in rich 
imioiir. As the city lies in a valley surrouiiiied wiib inountainSf 
Ibere are twenty otiier public fuuntaios of clear water, besides many 
private otMa. Wiihoot St. James's gate are ten hot mineral spnngi^ 
fiid some ^Id ones» beside several in the adjacent fields. Tbt. 
ftreamt that ruo through the city keep it very clean, and dri?a 
tevenil mills. 

• Of the luore celebrated baths of this citv» there are three within 
the inner wails, which are called tbe Empennr^t, Si. (lMirinws\ 
f nd the Litiie Ba^h. Charlemagne was so much delighted witb 
the first, that he frequently invited hw soo^ and nobles to bathe and. 
swim there with him ; but it is now divided into five batbiDg.roomSi 
The Little Bath joins to it, and tlie springs of both rise so bot, thai 
ten or twelve hours are allowed for their cooling before they can be 
used. They are strongly impregnated with nitre and sulphur aadh 
sulphurated liydroj^en gas ; and someiiiues cakes of brimatouc and 
saltpetre of a considerable thickness are tnken out of llieni. Their 
taste is at first unpleasant, aud their saielt resenibles that of a rotten 
6Kg, or of our Harrogate water. Near these l>aths is a spring of 
warm water, tntich resorted to iu tlie summer mornings, aud drunk 
for chronic4i diseases. Tliose in the New Town, which are tbe 
Hose BtUkt the PoorU Bath^ and St. Corneille'if are by oo 
means so hot and clear as the foruier ; but the\ are of much the 
same nature, and their smell is as oft'ensive. Near the liot springs 
lie many cold ones, by which their heat might be tem|)ered| and 
witb a little expense they might be made some of the most delight* 
fill baths in the world. 

About the distance of a furlong from the south gate of Aix la 
Chapelle lies the delightful village of Porcbt, or Bor^et, which is 
said to have derived Its name from the wiM boars that formerly 
abounded hi the neighbouring woods. Here are many lio^ springs^ 
en botb sides ot a small ceel rivulet that runs through the village. 
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>«Mf ciitiiwcd by nipri wmi cnadrilli iMii fJMHtMviiiMiiik'iii 
wMeh aie fornMNi twcstj-eight batlii» sont «f wbkb tut wamA ht^ 
Itr dHtfi tl|otein the town, and must be cooled cigliteeiiboaii btfiM 
Ihty COQ bt uied. Tbey are for the most put fi^e or six jrtrda 
•qaue» «od tbeir water is clear aiid pleasant. One quite opeai to 
IImb ak, called ^ the Poor Man*s Bath/' has a spring so hot that tbtf 
yeople seald pigs* and boil eggs in it. These hathft are Mt sd 
strong aa tboae in the city^ and are hence often prefclied for tiMS 
atom leeakl J ; and on this accoaut, those of all ages and ceodii 
liooa bathe in thenij for thehrdirersioni wilhonl any danger* 
. At If nraoKKt two anlea from Paderbom, are three spriiigs» tw# 
of which an not above a yard asnader, and jet are of %e^ difmnt 
^Miititos the one is limped^ of a blukh eol0inr» hdie^wann, jtad 
cootanM saUnraionkc, iron, nlwn» salpbnr, nitre, aad tiijiinslili 
the other ift as cold as ice» turbid^ and whitish, yet has Mdithi 
MNae cootentt; bat the water has a stronger taste, and is heavidf 
than the olhee. It is said to be a perfect cure for worms, yet that 
fbtrH that-drhih of it are innnediately thrown into cohvulsloan, baft 
ire soon le e of et c d by an infosionof eonwnon snit and ^megar. Tke 
thhd' tpriig, which is ahont twenty paces distant firom the other 
twob is of a grsenish colour^ bat fery'dtar ; the taste hae a wiata i a ' 
^ sweet and soon 

* Sfa or SfA w, a town celebrated Un ita mineral watrtrs, is ssoted' 
Ikm ttUky sorronnded with nsountains, and cootnuis throe bundMnt 
booses. • Tlic part called the Old Spa^ whidi is properly 0nly v 
atdMirb to the new, consbts of a few uisenihle settagss ; aad when 
gtmbgvrs artive, the pcior inhabitants sandool a swaim oC iMIdiai 
to get what they can by beggng. Even the honsea of NeW; tj^^ 
itte IMe, dark, ohMasbioned, wooden bnikihi|s» and yd it is; 
n i hmtd, that they iao malMr tweWe hundred bids At stm^genk' 
fife bin erilod *• the Coarf of London,** isv<ety Imge, and» as it ia* 
the best hi the pfaMte, is chiefly fteqneiited by strangers. The names 
6f the fife prinelpal wells are Tunntiet^ Waipohf ^oasn^rot 
l?#reiifleriff arid Poff^ow^allof them are strong calybeates; highly 
impregnated with carbonic acid gas, and some of them with liroa.i 
The foihabllaotf me employed hi amhrngtoysyand other things for 
strangers, to wliom they are verv civil, and ready to do them all 
riooii ohmcs. 
•Thi wMess #f PTBnoirv are lihewise m Ijirtarrn^rUiu 9bir^ 
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ciladd of Pjmnont is fortified nitb a hroad diicb, aod-high raiiH 
ports : if has abb lubterniDtfOiis pa5saf;es. From the ditch t>f the 
citadel a canal hiM been carried quite down to the spring, w^here it 
a niineral fountain* which rises about twenty feet high. A liltla 
above is a house in which an a^^enibly h held, and near it is the 
boow that encloses the spring: about forty feet distance from thit 
fountain head rises* with a considerable noise, the great bubbling 
spring, which is used for bathing ; and at a hundred and twelva 
fo^t distant, to the west, issues the lower spring, which is much 
weaker* These springs are frequently resorted to by |)crsoos of 
disiinctian, in order to driiik tlie waters in the highest perfection. 
Frederick III. of Prussia once visited them for that purpose. 

At BuDA, in IJuNOASY, in the suburbs of fVatterstadi and 
Reit€H9tadt9 are live warm baths, the princi|>al of which, called the 
Emperor's, is butlt somewhat in the manner of tiie Rotunda at 
Rome, with a large aperture in the centre of the donte, beode 
several sniaii boles or fiindo^s round the cu|K>la, for ndmittinf 
more light. In a large bath, in the centre of the other tmr^ both 
seies .publicly batlie together, the men wearing only a kind of 
drawers^ and the women what they term a fore shift, but the oon- 
moo people, for whom one of the other baths is appointed, look 
U|MHi even thu slight C(»vering as supeifluous. There is also a pond 
of mineral water, which has this surprising properly* that when the 
water is wholly turned o(i\ the water- springs cease flowing; but 
when tlie pond is a little above half full, they return again. 

The SsLTZBE waters are procureil fr(>ro a spring which, without 
fioning, rises in a well, near the town of Needer Seltzer, in the 
bishopric of Treves, in the circle of the Lower Rhine. It has a 
brisk acidulous taste when taken up from the fountain, but loses it 
on being exposed to the air in an o|>en ves««l. These waters operate 
chiefly as diuretics ; they are also powenul antiseptics, and give a 
gentle stimulus to the nerves: they allay heat and thirst, and have 
been much prescribed in Korbutic, phthisical, and nervous cases ; 
in gouty cases they are likewise drunk, from a pint, to two or three 
more. In a day. 

Of the mineral springs in Francs, it will be sufiicient to men- 
tidn two or three. 

The waters of La Mothb, in that part of France which until 
lately was named Dauphine, are highly esteemed as a remedjagaiuat 
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JMctd tliaD the w»ten at Aix, in San>3r. La Molhe ii i falkfk 
abool five Icogtiet from Ortfiioble» that runt betwtai two Ugh watMii 
Iritit* aad Ite no othef prospect bot that of bare and ateep toalni. 
The onlj dwaftlinga here are wrrtcfaed huts of straw, ao tbat Ihn 
aann l ry is iu every respect disagreeable. The Drac» a very rapid 
iiaer». proceeding from Ihe higb part of the district of Oap^ i^ ao' 
k were, aqiiet^aed in at La Motlie between two h^i roritt» pwfi nnn 
ti^ its talking hito the iwre. On its shore, at the foot of a veiy 
ilaeprock, is Ihe minetnl sprii^, whicli, if the liver rises bnt Intf n 
fisot, is .cowered with its torbid water. > 

- Aix, iaan Latin AqmmSexiim, and called Aqum from it»1bath% 
nnd SexHm fiom its being enlarged and beautified by Sextos CnisJk 
ms» This was the first settlement vamAt in OanI by the Rumaw, m 
hmdrad and twenty.four yean before Christ. This city, whidr 
wna Ibe capital of Provence, and tlie seat of its parliament* i t and a 
mn valtey of considerable eatent, planled chiefiy with oKtes, in 
4S* %%* norlh latitude, and 5^ 26" east loiigitode from OraenwidiM 
tiaenty miles to tbe northward of Marseilles, and thirty-five to Ihn 
aontb-east of Avignon. In its suburbs, the warm mineral iprmi^ 
oooesoealebnted by the Romany wasfimnd a second tiase iwl/IMv 
WW digging §(Kt the Ipundation of a house. The waters art fbmMl' 
snrvietable in gout, gravel, scurvy, palsy, indigestion, asthami 
and consumption. The magistrates have raised n plain boiMini^ 
in which are two private baths, and a bed*cfaamber myoinbg 
m eneb. Mr. Smiwhmrms obKrves tliat the waters are saasctty 
worm, and almost tasteless. The town is pientifidly snpplitd 
wkb water> flowing oO all sides from the impending hiUs. In Ika 
jenr 1771 an inundation overspread all the lower 'qnarltr of tbo 
Oity, to the height of from twelve to fifteen fieet ; whan all thn 
vmtage was entirely destroyed, together with nmch cattle, and 
numbers of inhabitants. 

Id the neighbourhood of Clermont, in that part of France whidi 
nntill lately was called Auverne, are wells, the waters of which 
possess such a quality that any substance hiid on tliem soon oontracta 
n stony crust. The most remarkable of these is that iu tbe suburb 
•f St. Allibr, which has formed a famous stone bridge, mentioned 
by many historians. This bridge is a solid rock composed, of 
several strata, formed during the course of many years by the vm^ 



^tag of fw petri^ing tnitoit of lUi spring. It hat no avity oo 
tifl aUcr above tixfy paces w (engtb, where the rivolet of 
;lbrt«s its way throagb. This petrifying spring, which 
^«aiainodi higher ground than the bed of the rivulet, gradually 
Ictfca behind il some stony matter, which in process of tune has 
Ibos (bnned an arch, through which the Tiretaine has a free 
ipassage^ The necessity that this petrifying matter seems to ha 
wnder -of forming itself into an arch, could continue no longer than 
the breadth of the rivulet, after which the water of the spring ran 
Kgidarly under it, and there proceeded a new |>etriAiction resen. 
bliog a pillar. The u^habitants of these parts, in order to lengthea 
this wonderful bridge, have diverted tlie brook out of its old 
channel, and made it pass close by the pillar, by which means they 
kave caused the spring to form a second arcli ; and thus they might 
have produced as many arches and pillars as they pleased ; but the 
great resort of people to see this natural curiosity becoming troubk* 
some to the Benedictines of the abbey of St. Allier, withm whose 
jorisdictioB the spring lie^ in order to lessen its petrifying vktne, 
they divided the spring hito several branches, which has so well 
ansfrered their hitent, that at present it only covers with a tbin crust 
those bodies on which it fiills perpendicularly i yet m those ovea 
which it runs in an ordinary course, no traces of its petrifying 
qualities are any longer perceivable. It is the only water used for 
drinking in this sobnrb, and no bad efiect is felt from it. 

In iTALTf at the distance of about four Italian miles from Padua, 
» the village of Abano, which is much frequented in summer, on 
account of the warm baths at about half a mile from it. In these 
baths are three sorts of water, of very diflfereot qualities; some of 
the springs are impregnated with sulphur } others are boiling hot ; 
and the water springs up in such quantities as to drive a mill, at the 
distance of about twenty paces from the source. The wooden pipes 
through which the water is conveyed to these baths are ofteu en- 
crusted with a white stony substance, not easily separated from the 
wood ; and the exact impression of the veins and knots of the wood 
on this concretion, makes it perfectly resemble jKtrified wood. A 
sudatorium or sweating-bath has also been built here, the efiect of 
which is produced by the steam of the water. Some of the springs 
which arc tepid, sire said to be impregnated with lead, while others, 
fiom their reddish sediment* and other sigus, appear to be dmly^ 
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lo aclciition to this aceount of gjifsei. «mifig from Um ctrtlia' 
tflDie aridiig from • lake in Laplamd uny bt ytrj^ jprofi^rty iatro- 
^uetcL M« MiMipertuis who describes thuiij MySi^ ** Ibe fine hkt% 
fihich sturrouod the niouotain of Nieini» give jt Uie sir of an en*. 
^bfuiled klaud in roaiance. Ou one hand von see a grpte of |Me#{ 
fMo from a green, smooth and levc;! as the walks of a gaideii« avA 
%t such «as3f distances as neither to embamta the walks aor ihtr 
Ijvnapect of ihe Ukes that wash the foot of the moantaii^ Oft tbti 
^Cher band aw apartments of «lilR»eot siaes, that seem cut bf arlr 
jl^tbe rocks, and t4> H«nt only a regular roof to render fbem-ciMnn 
pklr^ The rocks iliemsclves are so perpendiciikir, so high, and soi 
paootb, thbt tbey. might be taken for the walls of an unfinishedk 
pahic^ rather than ior the works of nature. From thiftbt|fbt|'';liai 
%Ms» ** we saw those vapours rise from the lake which the pctpUr 
of tbe cowitry caU HaUioi, and deem the guaidkin.siiirits of tbo. 
•Montaint. We bad been frightened with Uoriea of beam hamitiiifi 
iWs place, but saw none. It secaMd ratber, imlfcd» a *plact dfi 
lasoft fiir fciries and geni^ than for sava^ amnriidi.** . . < t 

. On an febmd which is formed by Ibe fivers Penaatt and Kadaya^ 
jpi Pomenmia, are springs of nrariala of jada, or eoBMaon ealt, af adi 
JUroDg a qiaility, that the inhaUtaots obtain from Ibem coasidetablai 

qiwntities of thu material. • 

• 

<- • S. Frineipal Domettic Mineral Wa$efi. « 

.. In describing the mineral or medicinal springy which disttngBiih 
SiBglaad^ it will be proper to beghi with Iboee in Sooiersetibift. 
i . BATUf ap ancient and renowned taty, is seated in a plaiaof 
moderate eitent» surrounded with hilhy which form a kind of ataphi^' 
tbeatre; whence flow the springs that render this city so £imous» It 
\fk situated a hundred and eight miles west of London, nii)etcei» 
Borlh-Hest of Wells, and twelve south eait of Bristol. It rose bitoi 
$ou8equeuce from its springs, whicl^ iu the time of the^Kouians were 
luiuwn to |)os8es» very salubrious qualities, and their reputation ia 
^|iU higlier than that. of auy other springs in England* and inffurioc 
to few in Europe. The hot springs are peculiarly beneficiai to tbci 
inaiilylie, t|te goaty, Mfnl tbe biUousb bul many other difoi:d^ni Ore 
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vriiefcd bj them, or bithiiig* or recehring them on f lie ptrt tflBcf «d 
firom a pomp; they are chiefly used iu the spring and autonm. 
Their waters are likewise drunk medicinaHy. 

The dty being on all sides sheltered by high hills, the air remaik- 
ably mild and salobrious, the ai^aeent country delightfully diyernSed 
and romantiCj provisions of all kinds very abundant and cheap, with 
fishes in a cc^ious vtiriety^ many persons of rank and fortune, by 
dioosiiig it, or its vidnitjt for their stated residence, have contribated 
to fom it into one of the most gay and agreeable spots in the 
kingdooi, and, in thb respect, it -has become a rival even to the 
netropoli!!; like which it is also continually visited, except at a very 
riiort interval in the height of summer, by the nobility and gentiy 
of the kingdom with their attendants, gamesters, advent urers, and 
fertune-hunters. This fashionable resort has caused new buildings 
to be carried on, of late years, over a vast extent of ground, and 
tbe rage for building has at least kept pace with the demand for 
bovset ; but a great inducement to such undertakings, is the abna. 
danoe of fine white ston^ which the quarries in the neighbourhood 
of the chy sopply. The buildmgs are magnificent, and many of 
them in a grand taste: the streets are large, welUpaved, and clean; 
tbe market-filaee spacious, open, and supplied with tbe best meat, 
fishes, vegetables, fruits, drc. The grove, the sqnares, and parade% 
attract notice ; the circus and crescent are maguificent ranges of 
building, and grandeur is advancing indefinitely. 

Here is a neat theatre, which was erected, under the authority 
of an act of parliament, in the year 1768» and has ushered into 
notice some of the most celebrated actors of the age, particularly 
Henderson, and Mrs. Siddons. Here too the musical band was for 
some time led by Dr. Herschel, until that wonderful mau renounced 
his profession of music, to become one of the greates^t astronomers 
in the world. 

In some places the hot and cold springs rise very near each other, 
and in one place within two yards. The hot springs exhale a thin 
kind of mist, and something of an ill smell, proceeding from the 
sulphureous particles combined with the water. These hot springs 
are always the same ; for the longest and heaviest rains do not cause 
them to discharge more water, nor the driest seasons occasion tbeai 
to discharge less. 

Of these qmngs, that called the Cross-Bath, from a croai fiir* 
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fmmm mmy stay wtwfa loi^ttr in it IhM io any of tbt otter htdttd. 
It Ji eoclosed with a wall, on tiM sides of whieh are seatSi and at 
^ ends gaUeiies far themmie and spectators ; under it are ranges 
•if email dressing-rooms, one for the gentlemen, and the other for 
1^ ladies, who being dressed in liiien habits, |;o together into thk 
Wier, the men kee|mig on one side, and tlie women on the other* 
* The Hot*Bath, so called from its being much hotter than the 
Om»-Bath, is fifty.eight feet and a half distant from it* This hith 
im^a wtllff whose water not only supplies its own pump^ but it 
conveyed by pipes to the pump io the Cross-Batk 

The Kittg*s.B«th has a spring so hot that it is neeessary to temper 
It by admitting cold, water; but the heat of the hottest ipriqg it 
■at sufficient to harden an egg» 

The Queen's^ath has no spring of its own, but is siqiplied by 
wuler conveyed from the King's. 

There is likewise a bath for lepers, into which none go but sueh 
Wl the physicians suppose to have this disease, or some other of a 
aimilar kind : thit b made by the overflowing of the Cross Bath* 
T^ poor who bathe in it have an allowance for their support firoaa 
the town ; but are chiefly relieyed by the contributions of the 
gmtlemcn and ladies who come to eqjoy the benefit of the other 



The following is a correct table of the temperature of the difisent 
lirths, as given by Mr. John Howard, Phil. Thmsactions, Vol. VII. 

f. 201 :— 
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Bg*f ImUIi pamp 115** 



tetiipaiip 
CMHbathpamp ••.. 
ftotbatht coolest put 
Ditto, ivanMSt iMut.. 
fmiiplatlMlMKWii. 

Klof'tlMth.^oolntpoit , 99 

Ditto, hottest port 101 

Qaeco*» botk, coolest pari 97 

Ditto, wonocrt 98 



114 

106 

96 

97 

US 



Pomp in the Imth , IIIP 

CroM iMth, coolest part 81 

Ditto, wanaett port.. M^ 

Crosf bath pump « lOf 

Pomp in the Market-plaoc, Bath 54 

SpriofB oo ClaTcrton «•••• 41' 

St. Jamei*g iprioic water 4S 

Sprini^ on Lanidown '... 45 

Old Well-hooic, Briitol ffl 

New WeU, ditto 76 

These temperatures were taken in the months of November and 
December, 1765. The scale was Fahrenheit^ and the thermcH 
fliater constructed by Bird. 

In this dty there are spacious and lofty rooms for balla and 



IMMSil^l wmI tlMT itudioiis hvfe m 9aaj supplj.of til kMbif 
books* There are two brge stone bridges, tamed over the rifef. 
The stope vbith wlikb4he &nt buildhigs in this city are erected is d«|t 
put of the quarries upon Charlton down, and convejfcd down a steep 
hiilf hy a four*wh^led carriage of a partiaihir form and structure ; 
4he wftiecb are of cast iron, broad and low, with a groove in the 
perioiieter to keep them on the pieces of wood on which the carriage 
jnoves doao bill wilh four or five ton weight of stone, very easily 
without the. help of horses, the motion beibg moderated by means 
,9f a ftictionJever bearing more or less on their hinder wlieel^ as 
occasion requires, 

- The walls of Bath are almost entire ; the small circuit of ground 
/mcompassed by these walls b in the form of a pentagon, with foor 
gates beside a postern. Without the walls is a handsome square, 
in the ceutre of which b an obelisk seventy feet high. The market, 
house is a Urge stone building, supported by thirty-one stone 
piUarSf and over it is the town bail* Here b a general hospital for 
)the reception of the sick and lane poor from all parts of the kmg* 
<iomj erected in 1738, by the contributions- of the nobility and 
gentry of the kingdom, and is capable of containing one b«Kfatd 
and fiAy patients. Another new square has been built in thi 
gardens ac^v cent to the public walkx, on the sonth side of the city^ 
by the Avon, where is a noble room for balls and public assemblies^ 
. Wblls is situated at tlie foot of Mendip^bills, a hundred and 
twenty miles west of London, and twenty south-west of Bristol, 
and has its name from the wells and sivrings about the ctly. It is 
but of small extent, though well inhabited. 

Bristol, called by the Saxons BrfghfflozCt is one hnudred and 
seventeen nules from London, p^&rtly in S^mierset^shire, and partly 
in Glocestcrsliire, but being a couiitv of itself, is independent of 
Ibem both. It is divided by tlK* river Avon, u liicli runs throngh 
it> and separates the two preceding counties, but that |>art which 
b.on the Olocestershire sirie is the largest and most p<»|nilowrr 
according' to a survey made in the year 1736, the rircunift.Ten6e o^ 
the Olocesterslnte s^ide was four miles and a half, an«l on the 
Somecseti^hire side two and a half. This city has a slonc bridge af 
four broad arches over the Avon ; aud one of the most comuiodioui 
qu»ys in England Cor sliip|>ing aud landii^g merchandise, Thb b the 



.fi^liMk, «fdlh» md muaktt of hlnhitoati^^ Ljftrpool hmag fa 
iMwie ytan e^mlfed apd at loiigth MupMitd it m commeree. 
< . 9b'stol Mcyr^vetLft are mnch lemlcd to, htmg ccwskkrad ts 
'hif^'HkMaaaM im coiwinptift and debilitated caMt. Thej aee 
>iil the dbtaore ikC about a mile from the dry* oa tbe tide of tho 
*JLveA* At St. Vineeot's rock, abofe Ibit wcll» are foood tboie 
,Mlive or loek crjitab koown by tbe naqie of Brietol lionet. Ne« 
tbis tepid well it a cold tpriug^ wbich guibes out of a wAg on tile ' 
aide of the liijeri that tappliet tbe cold bath. 

Omstonbujit, Ifliewite in Somerwltbire; wat fiHraaerij fiteoot 

for itt mu^ral wateni» but having been taken ineaotioiitijf.wMl im- 

JNToperiy^ tbcy are reported to baveproved fatui to many vbd dimnk 

them ; yet they hare been found senriceable ia thie astbmv<linvqF» 

:tcorbutic ditordm* and even in caacert. 

. ChbltrMHAM* in Glocestershire, eight milet to the touth-cait 
of Te«kabnvyw and eighty-nuie from London, it celebmted for itt 
.aiiiieral ipriag. wbich it a pnrgative chalybeate* like that at jBcarboi. 
a)D0gh« Thit toiwn wat rapidly advancing bto importance ia 
tonteqaence of having received a vitil from th^ir-Mtjettietin i/Mj 
.hut the medkai propertiet of itttpring have variediio rffputttioua. 
ky the caprice of pilblic opbion, 

. HoLTWiLl*, m Fiintthire, it fiinioot for SAINT WmmBO^/t 
f^WlLL, wbich it one of the finert tpringt in the world»'andon 
.uecooat of tbe umctity in which it wat held» gave name totbetowau 
«lt poufft oot tweBty«oao tone of wnter m a mioote^ which ranoing jpi 
iUm middle of the towo» down tlic tide of a bill, it made utt of fajf 
ftuemy houte aa itpattet, after which it tnmt teveral mills, it uaad 
*la4rariuaa manuActaret^ which greatly incrtate tbe population jof 
fibo places and itt ntiglibourhood ; the township contaiuing o^pna 
'ttJMm feuvtbauttad toub. Over the tpriog, where Ibrrt ^ u baud- 
tame lMth» k a ueut chapel, which ttandt upon piUan^ and on tha 
' whidowt aie pahited tbe chief events in Si* Winifred^it or ^tfue. 
Jr9i^9 life. About tbe u-ell •growt tome mott^ wbich people ibolithly 
. iiwagine to be Qt WinifM*ii hair» Thit Stiiit it reported to ha^ 
ibueu a virgin martyry who Hvtd in the seventh centnry, and at ibe 
^efiod tayty wm raviih^ and bejieaded in tliit pbice by a pagan 
tyrant ; the sp^ng having miraculously risen from her blood. Uimoe 
jliut hath wat much fimpoited by Popiah Pilgrimt| out of devotion. 
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at wtn as by thoie wl^icaBe to bathe in it fMrinedieioal purpoMir 
Mr. Pefmaot sa^a, «< the ciHlom of Tbitmg this well in pilgrinia<^» 
and offer ing up derotkms there, k not yet eotirelj set aside: ia the 
•ummrr a few are still to be seen in the water, in deep devotion, op 
to their chins for liotirt, sending op the ir pniyers, or perfomunf a 
mnibcr of evolutions round the polygonal well* In the year l(i80 
James II« visited this well, and received as a reward, a present of 
the very shift in which hb great.grandniother, Mary Queen of Scots» 
lost her head.'* 

Derbyshire b the county peculiarly distmguished for its rich mma, 
'cnfioa« appearances of nature, and salubrious fountains. Among 
the last« is MATLOCK^a tepid spring, which issues amidst the most 
ddight All scenery, and is the resort of much company at the dose 
of sonmer, and in the autumn- 

Among th« wonders of the Peak one is Tids*8 or Wbbdbk*s 
Well, constituting one of the class to whicli we have already advert, 
od that ebb and flow like the sea. That it does ebb and flow is ccr* 
tab I but it is at very unequal periods, sometimes not in a day cmt two^ 
and amncthBes twice m an hour. The bason of the spring is aboot 
a yard deep, and the same ui length and breadth. When it flows^ 
the s^ter rises with a bubbling noise, as if the air which was ptat 
up within the cavities of the rock was forcing itself a passage, and 
drivng the water before it. It b occasionally used as a icstoratife. 

Tlie^uext wonder of Derbyshire, b Buxton Wells, the walen 
of which, beside their medicinal use, have this singuhirity, that withb 
five feet of one of the hot springs there arises a cold one ; bnt Ihbii 
not the only well of the kind» since hot and cold springs rise near each 
other in several places in England, and in other countries. Tbess 
spring possess a less degree ot warmth than those at Bath. Ths 
water of Buxton-wells is sulphureous, with a small quantity of saline 
particles, but it is not in the least impregnated with a sulphnreow 
acid, heixe they are very palatable in comparison with other mcJid- 
nal waters. They are salutary in scorbutic, rheumatic, or nervouf 
complaints, both by bathing and drinking. Tliese waters were weU 
known in the time of the Romans. Besides the principal springll 
which are at the village of Bniton, there are many others thai riis 
unregarded in the neighbouring enclosures, and on the sides of ths 
bill. 

The Puxton waters create an appetite, and renaove obatmctionik 
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jC^iwpiiiim, Tb0 ImiMiiiifK 4m ImUi wat cmcM p ttia jdlpi fC 
Qveen JBlinbtUi^ by Gcotfr £«ri oi: Siurflwabmy; md Irnm Miiy 
AHccn •f «€Dli| wbdi twipilted iato bk cmt^jp ntkM kuwatm 
iimt. Tbi Duke of De vtmbiri^ Aot loof aft eveelad a biMli* 

. Jul buildMig^ Ml Ihe farm «( a crttcciit, iiiidcff whkli art piiMM 
and iboMB 

ScAaaoBOUOB is a town ia tbc north riding of Toridbiit^ two 
hundred and fcrfy MM Diites to the yorlli of lioadoD. UtritMlioQ 
^perfcdlyioawnik^bctatcbidloalbatop^ofailMprod^t btadiqg 
an tbe iom of a crtscoit to tha nnb octaa* af which an abaiafl 
unboaadcd pratptct apfican from all parts* The saanit af this 

. ■MMMtiin caataioi no less thaa aigbtcen or twcfl^ aoias af SMadiaa 
|(roaod, and on the upper part stood n castle. Tbalaann whioh js 
f wpuloag/^is almost encompassed bjr lie sea, twd fraHad where it 
does BQljaiB to the castle, or is aot mbfe strongljF dtfaJsd by tha 
B»i»; and it baaoae of tbe best harboam in the hhi|daak la fkk 
town aia ariaeral springs aliich are called tha «• acaiharaaghflpa» 
ami It is saach fssotted to for the paipose af sea*hathhi|i> ttishdha 
heing wall aocoawMdated fm' that porpost ; aa whitfa acem 
aaa mi ibf assesbblies.aad balls Imva baea sw et sd . Ifsagf 
€h aa»ihf p a are bailt faere» and laifge eoaHaalii aia aaala wHb 
gavetaMMnt ibr the transport service. The spriag» aallcd 71a JJpv, 

"was andet the diff, part of which fell down hi December 17^t' by 
which the waters were entirely overwhelmed and concealed tat 
aama ;ears» until apon reboikK'ng the wbarf» tha fidlea fla|hMiiis 
were removed, and the salatary waters traced to their source; a 
discovery which contributed greatly to enliven and enrich the Ipwa 

in general. 

Hiaadwo ATB, a village in the west riding of Tarkabire, twenty^ 
aiM miles west of the clly of York, has a minemf spring of a sul- 
phareotts quality, esteemed very salutary in scrophnious com- 
plaints. It is made use of as a bath, and is seldom taken intertoallj* 
The reason of resorting hither is from May to Michaelmas, whea 
the company are accommodate<l in five or six commbdious ions, oo 
a heath, about a mile distant from the village. 

TUNBHiDOB, m the county of Kent, received its name from 
the stone bridges which are thrown over the five branches of this 
Medway, of which tbe Tun b one, and is seated lliirly laOes aaith- 
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cMt V^wuthot Loodoii* Thii phot b remarfctble for iti dnfy 
'^Iwtfe tprfagt, whieh sit foiir or five miles toatb of the town, bet 
.in the ttme parish, and are resorted to by the nobilHj and gentry 
In Jnae, Sn\y, and Aagost. They are sitnated for the most part 
hi the parish of IVmbridge* between two hiDs, named 31 ovfil Shn 
' and Mount Bphrmim, both eofered with good booses, and gardens 
abounding in fruits. Tunbridge is^lflLewise famous for its lienuthi 
fill tunety ware. 

This spring was first discofered in the year iSoff, and brooght 
into general notiee by Dndlqr Lord Northf but no buildmgs weft 
ORded nntil thiity years afterward* Abont a mile and a half from 
- the wells Is an assemblage of stnpendoos rocks, frtmi finly to se. 
venty^fe feet high, which resemble tbe balks of large oacn of war, 
do^Biy rangvOtt 

Epsom, in Soney, is a handsome, weli*built town, aboot four- 
teen miles fiNNu London. ,Its extent is abont a mile and a half ius 
. aeml^cirele, firom the church to the fine seat at Durdans. Its mi- 
■eial purgative waters, which issue fi-om a rismg ground nearrf 
Aahsted than Epsom, were discofered m 16I8» and looo becaaK 
¥ery fiimous ; but though they hare not lost their virtue, they afe 
fiur ftom being m the same repute as formerly ; however, the salt 
< made of them is valued all over Europe. A large qoaatity ef 
Magnesfai b prepared from the earth and water in this ne^hboar- 
bood. [Gough, Phil. Trant. Tkomion.] 

4. Jtffnat of anal^ing Mineral or Medicinal Widerej and of 
determining their Brinciplee and PropSrties. 

The first knowledge of mineral waters, like every other branch 
of knowledgewe possess, was accidentally discovered. The good 
eflects they produced on such as use tliem, have doubtless been the 
citise of distinguishing them from common waters. Tbe first phi* 
losophers who considered their properties, attended only to their 
sensible qualities, such as colour, weight, or lightness, smell, and 
taste. Pliny, however, distin<;uished a j^at number of walcn, 
either by their physical properties or their uses ; but tlie inquiry 
aOer methods of ascertaining, by chemical processes, the quantity 
and quality of the principles held in solution by mineral waters, wss 
not attempted till the seventeenth century. Boyle is one of the fint 
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mhq^ ai dttvf(uable expcrinusitfiw eqhHq;t.|NilrfUied bj Unit 
Oxfiml in l6&3, luentioiifMl aerenl vMgoiU capable of l od i ca th y 
4lw Mibstances dissolved in water, by the alteration produced in their 
.tploun. The Academy of Sciences, from its first institution* was 
.fware of the upportanee of analysing mineral waters ; and DucIob> 
jn l667i attempted the examination of the mineral waters of 
France : the researclies of thb chemist may be found in the orifi* 
nal memoirs of this society. Boyle was particularly employed in 
inquiries respecting mineral waters about the end of the seTcntecnth 
.century* and published a treatise on this subject in l685. Boulduc^ 
.in the year 1720» published a method of aoalysiog waters, which 
is much more perfect than any which were employed before his 
day : it consists in evaporating these fluids at different times* and 
separating by filtration the substauces which are deposited, in pio* 
portion as the evaporation proceeds. 

Many. celebrated clietntsts Lave since made successful eaperU 
ments on mineral waters* and almost every one made valuable dis- 
coveries respecting the different principles contauied in these fluids. 
Bouldoc discovered natron, and determined its properties ; Le Boi* 
physician of Montpellier, discovered calcareous muriat ; Margraa^ 
the mnriat of magnesia ; Priestly* carbonic acid ; andMonoetand 
Beigaan the sulphurated or hepatic hydrogen gas. |The two last 
mentioned chemists* besides tbe discoveries with which they hav« 
enriched the art of anal^siug waters* have published complete trea* 
tises on the method of proceeding in this analysis ; and have car* 
ried this part of <lhemistry (o a degree of perfection and accnmcy 
lar eaceeding that which it possessed before the time of tlicir h» 
hours. We are likewise in possession of particular analysis^ made 
by very good chemists* of a great number of mineral waters* and 
which serve to throw great light on this inquiry* which* with jus* 
tioe, is esteemed one o(, the most difficult in the whole art of che* 
mistry. The limits here prescribed do not permit us to enter at 
large into the history of the analysis of waters* which may be found 
in many treatises* especially one hitely published by the celebrated 
Dr. Saunders. 

Prin€ipl€9 contained in Mineral JVateti.'-^W b but a few years 

since the substances capable of remaining in solution in water have 

been accurately known. I1ib appears to have arisen from the want 

0f exact chemical methods of ascertaining the nature of these sub* 

«2 
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stances : and tlw eertaioty of tbchr exbtence lias natarally followed 
the discovery of inetliods of asoertamhig tbem. Another cause 
which has retarded the progre ss o^ sdence in thb respect is, that 
nnieral matters dissolfed in waters* are almost always in very small 
doses, and are also mixed together in considerable amahers, so tlmt 
they mvtiially tend to conceal or alter those properties in which 
dieir dbtinctive characters coosbt. Nevertheless, tlie numerous 
experiments of the chemists before quoted, and a great number of 
others, which we shall occasionally nwntion, have shown, th;«t some 
mineral substances are often fourtd m waters, othen scarcely ever 
met with ; and hutly, many which are never held in solution by that 
fluid* We shall here consider each class of these substances in 
order. 

Siliceous eartli is sometimes suspended in waters; and as it b in 
a state of extreme division, it remanis suspended without precipittr 
ling , but its quantity b extremely mmute* The carbonated alkalis 
and chalk probably contribtite to render siliceous earth soluble. 

Alumme likewise appears to exist in water* The extreme sub- 
tlety of thb earth, by which it b dispersed tlrrough the whc^ asasi 
of water, causes it to render them turbid* Argillaceous waters aie 
therefore whitbh, and have a peart or opal colour; they are like- 
wise smooth, or greasy to the touch, and have been called sapona- 
ceous waters. Carbonic acid seems favourable to the su^nsioa 
and solution of alumine in water. 

Lime, magnesia, and barytes, are never found pure in waten; 
they are always combined with actds« 

Fixed alkalis are never met with in a state of purity in waters, 
but frequently combined with acids, in tlie form of neutral salts. 

The same obscrvatiou applies to ammoniac, and most acids, ex. 
cept the carbonic acid, which is often free, and in possession of all 
its properties in waters. It constitutes a peculiar class of mineral 
waters, known by the name of gaseous^ spiriiuousj or acidulous 
waters. 

Among the neutral salts, witb basis of fixed alkalis, scarcely any 
are met with but sulphatof soila or Glauber's salt^ the muriats 
of soda, and of potash, and carbonat of soda, which are frequently 
dissolved in mineral waters; nitrat and carbonat of potash arc 
rarely found. 

Sulphatof lime, calcareous muriat, chalk, snlphat of magnesb, 
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m Br»m HOi, amrat of wrngfinm, mmI caHNMyit of mijnrii^ 
•ra fbe cartliy taltf which are MMt commoiilj feaiid in waters. Ai 
(o Ihe calcMttCNM nitrat, and oitnU of' magneata^ whicfa some cbe. 
IBtstt hare anartad tlicy have met with, these salu are scarcely ever 
ftand iu minefal waters properly so calledj» though they exist io salt 
waters. 

'Hie aluninous neatral salCSy and salts with base of barytes, are 
scarcely ever dissolved io waters. Alum or acid sulphal of ahi- 
faiue, appears to exist in some waters. 

Pure bydrogeo gas has not yet been found dissolved in nineral 
waters. 

. Pure salphur has not yet been found in these fluids;^ dioagh ft 
exists very rarely in small quantities iu the state oi sulphure of soda; 
Sulphureous waters are most oommonly mioeialiaed by sulpharatcd 
iiydrogeu gas. 

Lastly: AaMMig metals, iron is most commonly dissolved m watei', 
and may be found in two states ; either combined with carbonic 
acid» or with the sulphuric add. Some chemists have supposed 
that it WM likewise dissolved in its metallic stale* witliottt an acid 
intermedium ; but as this metal scarcely ever exists in* nature Witfa. 
out bemg in the state of oxyd, combined with tbe carbonic or sul« 
phttric acid» tlie opinion of these philosophers cootd only be maiar- 
tallied at the time when tbe carbonic acid was not yet discovered ; 
and the solution of iron in water, without the assistance of ttie sol- 
pbnric acid, could not otherwise be accounted for. Bergman 
■ laffrms. that Iron, as well as manganese, is found hi oertaiu watcrii^ 
fMmibined with the muriatic acid. 

Oxyd of arseoicy and the sulphats of copper and sfaic 'whicb 
exist in many waters, communicate poisonous properties to tfaeirf, 
suid show, when discovered by analysis, that tlie use of such waters 
amst be carefully avoided. 

Most chemists at present deny the existence of bitumen in waters: 
in fact, the bitter taste was the cause why wafers were formerly 
•iippoeed to contain this oily substance ; but it is now known that 
tkis taste, which does not exist in bitumen, is produced by the cal- 
careous moriat. 

There is no difficulty in conceiving how water, which percolates 
through the interior parts of tbe globe, and especially through the 
mountains, may become charged with the different substances we 
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bave eaamerated. It is likewise clear, tliat according to the nature 
and extent of the strata of earth, through wliich they pass, miuv- 
fal waters will be more or less charged uith these pnnciples, and 
that the quantity and nature of tliese principles must be sul^ject to 
great variations, especially when we consider the changes in thie 
direction of their course to which these fluids are liable from the 

various alterations which the globe uodcrgoesy particularly on its 
iiirfacc and its more elevated parts. 

The different Clatset of Hineral Waters, — It appears from 
what we have already obser?ed respecting tiie different substances 
usually contained iu mineral waters^ that these fluids may be classed 
according to the earthy, baline, and metalic substances they hold 
iDtoIntiou; and that the number of classes, on this principle^ 
would be veiy considerable : but it must l>e observed^ that none 
of these substances are found single and alone in waters ; but, on 
the cootrary, they are often dissolved, in the number of three, four, 
five, or even more. Thb circumstance creates a difliculty in the 
methodical classification of waters, relative to the principles that 
tbey contain. However, if we attend to those substances which 
are the most abundantly contained in waters, or whose properties 
are the most prevalent, we shall be able to make a distinction, 
which, though not very accurate, will be sufficient to arrange these 
fluids, and to form a judgment of their virtues. Chemists who 
liave attended to mineral waters in general, have availed themselves 
qf thb method. Monnet has established three classes of mineral 
waters ; the alkaline, the sulphureous, and the ferruginous ; and 
aubsequent discoveries have enlarged the number of classes.' Du« 
chanoy, who has publiiilicd a valuable treatise on the art of imitat- 
ing mineral waters, distinguishes ten, viz. the gaseous, the alkaline, 
the earthy, the ferruginous, the simple hot, the gaseous thermal, the 
saponaceous, the sulphureous, the bituminous, and the saline waters. 
Although it may be urged as a reproach, that this author hai 
made lib classes two numerous, sipce the pure gaseous and bitu- 
Sninous waters are unknown } yet his division is doubtless the most 
complete, and gives the mo!»t accurate idea of the nature of the 
diflferent mineral waters, and consequently is the best suited to hb 
subject. We shall here propase a division less extensive, and in 
pur opinioii more methodical, than that of Duchanoy ; at the same 
time observing, that we do not consider simple thermal waters a^ 
miaeral waters, because they consbt merely of heated water, ac* 



to Ihekcit dicnte; an^ that w iNUfyit vi^Il of^r 
tiioMMM.iritcn^ bccmiM noat i«ch hafe been ytt Anui^.. 

It appcanto im^ that all nunenl waters maj be anaiifed k ton 
€lastct» vii. acidulout^ saline, snlpbartoos, and feimginoias wa« 
lers. 

jicidulous Wattn. — Gaseous waters, which may with moia^ 
propriety be called addulons waters, are those in which the carbo- 
Die acici predominates ; they are known by their sharp taste, aud^ 
the facility with which they boil and afford bubbles by siaqile agi« 
tation : they redden the tincture of turnsole, precipitate lime water 
and alkaline sulphures. As no waters have yet been discoyercd 
which contain this acid pure and alone, we think thb dass may b«^ 
divided into several onlers, according to the other principles coft*^ 
taiaed in them, or the modifications they exhibit. Tbey all appear 
to contain .more or leu alkali and calcareous earth; but tbeir di^ 
fereut degrees of beat afford a good criterion for dividing Ibeminto 
two ordeis; the first might comprehend cold, acidulous, and alka^ 
line waters, such as those of Seltzer, Saint-Myon, Bard, Langeac^ 
Chatddon^ Val^ &c. in the second might be placed, hot, or lher« 
9ial, aeidttloas, and alkaline waters^ as those of Mount D*Or^ 
Viciiy, Chatelgnyoo, kc* 

Saline or Soli JFa/€r#.— •By the name of saline waters^ we wu 
deistand sipch as contain a sufficient quantity of natnral salt to act 
Btrongly on the animal economy, so as most commonly to purge* 
The theory and nature of these waters are easily discovered ; tbey. 
pericctly resemble the solutions of salt made in our hboratories 2 
but they almost always. contam two or three difiere^ spedciof 
salts. The sulpbat of soda u very rare; sulphat of magperia, 
Epsom salt, marine salt, or muriat of soda, calcareons and mmg'* 
oesiaa muriats, or the saline principles which mineraliae them, either 
together or se|auate« The waters of Sedlix, of Seydscbuta, and of 
Egra, abound with Epsom salt, frequently miied with muriat of 
magnesia. Those of Balaruc contaio^ muriat of soda, chalk, and 
the calcareous and magnesian muriats; those of Bourbonne, muriat 
pf soda, sulpbat of lime and chalk ; and those of la Mothe contain 
muriat of soda, sulphat of lime, chalk, sulphat of magnesia, muriat 
of magnesia, and an extractive matter. It must be here oheerved 
that salts, with base of magnesu, are much more common in watery 
than iias hitherto been supposed ; and that fcw analyses have ^et 
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fiMi nude m which they have been welt disf inguiihed from cak^ 
rcoot mariat. 

Sutphureoui Waters. — The name of solphoreous waters has 
been given to such mineral waters as appear to possess some of tiie 
properties of sulphur ; such as the smell, and (he property of dis^ 
Morning silver. Cliembts have long been ignorant of the true mi* 
neratiier of these waters ; ii|ost have supposed it to be sulpbor, but 
Ibey never succeeded in exhibiting it, or at least h^ve fouud it in 
qiantities scarcely percepiihle. Those who Imve made experiments 
an some of these waters have allowed them to contam either sal« 
gkhureous spirit, or an alkaline sulphur. Venel aod Monnet are the 
flrst who opposed this opiniou ; the latter, in particular, nearly dis* 
Covered the truth, when he considered sulphureous waters as im- 
prefmited merely by the vapour of iiver of sulphur. Rouelle the 
younger likewne afl&med, that these fluids might be imitated by 
igitatfaig «rater in contract whh cirr, disengaged from an alkaline 
aalpbure by an acid. Bergman carried tlib doctrine much larthef, 
by examiiring the properties of sulphurated hydrogen gas, he has 
proved that this gas mineraliies sulphureous waters, which he there- 
ibte called h^aiic' tcatert^ and has dhected methiMis of ascer- 
taining the presence of sulphur. Notwithstanding these discoveries 
Duchanoy, speaking of sulphureous waters, admits of sulphur, 
sometimes alkaline, sometimes calcareous, or aluminous. He fbl*' 
lows the opinion of Le Roy of Moutpiilier, who pro|K>sed a sul* 
phure with base of magnesia in imitating the^e waters. It appean 
ui fact to be true, that there are waters wliicli contain a small 
4jnantity of ^Iphur, while there are others which are niineraliied 
only by isuiphurated hydrogeu gas. In tliis case it will be necessary 
to distinguisli sulphureous waters into two orders : 1 . Thf>se which 
contain a small quantity of alkaline or calcareous sulphur ; and, 2. 
Those which are only impregnated ^vith sulphuric h\drogeti gas. 
The waters of Bareges and Cautercts, ami the Bonnes waters, ap- 
pear to belong to this first order; and those of St. Amant, Aix la 
ChapeUe^ and Montmorency, appear to belong to the sec<rad. 
Most of these waters arc thermal, but that of Montmorency is 
cold. 

Ferruginous Waters, — Iron being tiic most abundant of me- 
tals, and the most susceptible of alteration, it is not to be wondered 
at that water easfly becomes charged with it, and consequently tfiat 
the ferruginous waters are the most abuiulaut aud most common 
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«MMi'chHi«f waters; Ibcy were fiinnerly 8op|KMed to bealliiB«* 
pfftgoilcfl with lulpliat of iron. Monoet has ascertained that hmHI ' 
of^them do not eonfain fhis salt » and lie 8u{iposed that the iron k 
disiolved without the iiiiemiedium of an acid. It is at present 
liiiown^ tliat the iron is not in tlie state of sulphat, but is dissolvel 
by means of the carl>ouie acid, and forms the salt which we hate 
called carhonat of iron. Lane, -Roiiellej Bergman, mid manj 
other chemists, have put this out of doubt. Tlie greater or less 
quautttj of carbonic acid, and the state of the iron in waters of thia 
kind, render it necessary to du^tingntsli the present class into ihnso 
orders. 

'Hw first order comprehends martial aciddlous waters, * an fiUcli 
tlie iron is hehl in solution by the carbonic acid, whos»a&peiabuod» 
mice renders them brisk and subacid, 'lite waters of Bassa^g* 
Spa, Pyrmont, iPouhofl, and La Dommique de VaK ate of this ml 
otder. 

* The second contahis simple mart rail waters m which the Iron h 
dissohed by the earimnic acid,. %rithout excess of the latter. ' Tbesi^ 
waters consequently arc mit acidulous. Tlie wafer of ^of|(et; 'Aih 
iimlei and Conde, as well as the greater number of ferni^iodiisr 
walen^ are of tliis order; thb distinction of ferruginous wateia 
was made by Dodumoy. 

But we add a tUbd order, after Monuet, lArhich is that of wateca 
contaming svlplmt of iron. Tliough these are extremely rare, yet 
aome of them are found. Monuet has phiced the waters of Pissy 
io this order. Opoix admits the sulphate of iron, even in acoiu 
aiderable quantity, io the uaters of Provins. It is true, Ifaat'De 
Fourcy denies its existence, and couiiders the iron of tli^se watei# 
as dissutved by carbonic acid. But no decision can lie madese^^ 
•|iecting this subject, l>ccause the results of these chemists ^ntireljr 
disagree, aiut re«|uire new experiments to be made. It must lia 
added, tliat the iion is not found ahiiie in these waters, but b mixed 
with chalk, sulplmt of time, various muriatic salts, &c. Houtever* 
as the metal they contaiii is the principal basis uf thvir properties^ 
thoy niiist he called ferruginous, in conformity with the principles 
wcbave laid dowtu 

As to the saptmaceous waters admitted by Duchanoy, we mu^ 
wait till clieiniinil and nivdical experiments have ascertained the 
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of their atpooteeous property, wbicb tliis pfajveHio aftiibote»- 
to alnmiue; as Well at tbe efiecU tliey may produce in tbe ankaal. 
Economy, as medicioes, by virtue of this property. 

From these details we fiud, that all miueral aiid medirinal wa« 
ters are divided into nioe orders, viz. 

Cold acidulous waters* 

Hot or thermal acidulous waters. 

Sulphuric saline waters. 

Muriatic salme waters. 

Simple sulphureous waters. 

Sulphurated gaseous waters. 

'Simple femigioous waters. 

Ferruginous and acidulous waters. 

Sulphuric ferruginous waters. 

Examinaiion of Mineral tVaterij according to their Phj^ 
eicai Propertiei.^ After havmg shewn the diflerent matters which 
may he found in waters, and exhibited a slight sketch of the method 
in which they may be divided mto classes and orders, accordn^ to 
their principles, it will be necessary to mention the methods of ana- 
lysing them, and discovering with the greatest possible degree of 
accuracy, the substances they hold in solution. This analysis has 
been justly considtred as llie most difficult part of chemistry, since 
it requires a perfect knowledge of all chemical plienomena, joined to 
the habit of making experiments. To obtain an accurate know, 
ledge of the nature of any water proposed to be examined, 1. The 
siluatbn of the sprmg, and the nature of tbe soil, more especially 
with respect to mineral strata, must be carefully observed ; for this 
purpose, cavities may be dug to dificrent depths, in order to discof 
ver, by inspection, the substances with which the water may be 
charged. 2. The ph}-sical properties ot* the water itself, such as its 
taste* smell, colour, transparence, weight, and temperature, must 
next be examined ; for this purpose, two thermometers, which per« 
fectly agree, and a good hydrometer, must be provided. These 
prelimmary experiments require likewise to be made in the dif. 
fi^rent seasons, different times of the day, and especially in different 
states of the atmosphere ; for a continuance of dry weather, or of 
abundant rain, has a singular influence on waters. These first trials 
nisuaily show the class to which tlie water under examination may 



te ntmij tiri iliiitct the imUmmI «r Ma^jfiii. A. The i^po^ 
fioM feroMd ftt tiie bottom of tlio Uitom^ |be tubitoacet wMoli 
float on the water, otid the matters which riie by 8oblil1latioi^ 
Ibnii likewise an object of important research, which must not bo 
neglected. After this prelirainarj examination, the proper analysie 
may be proceeded on, which is made after three methodsi by so* 
agents, by distillation, and by evaporation. 

The Examination of Mineral Wafers, 6y Re^afewii.^Tlmm 
substances, whicli are mixed witJi waters, in cirder to discover tbo 
nature of tlie botlies, beM in solution by sudi waters, from the pbss* 
noineoa tliey present, are called re-agents. 

The best chemists have always considered tbe ose of le^i^^jeala 
as a very nneertain method of discovering tbe principles of miusiil 
'waters. Thu opinion is founded on tlie considerations that tbdr 
«ifiDCts do not «letermine« in an accurate manner, the nature of tbe 
aubstaiices held in solution in waters ; tliat llie cause of the cbai^gea 
which happen in fluids by their addition is often unknown : and that 
in fiMrt, tbe saline matters usually applied in this aualyus are capable 
of prodwcing a great number of |>henoniHia, rei^pecting which it is 
often dilKenh to form any decision. For these reasons, most cbe* 
Btists who have undertaken tliis analysis, have placed little depead- 
eeee on the application of re*4igents. Tliey have concluded, tbst 
Evaporation sdfcids a mndi surer method of aseertauiing the natue 
and qnantity of the prhici|»les of mhieral waters ; and it b taken Sat 
graotod, in tlie best wmks on Uie analysis of tliese fluids, that 
egents are only to be used as secondary means, which at most 
to indicate or afford a probable guess of the nature of tbe 
pies contained in waters; and for this reason, modem aoaljels 
have admitted no more than a certain number of re.ageoli, and 
have greatly diminbhed the list of those used bj tbe earlier choi^ 
mists. 

But it cannot be doubted at present, tliat the heat required to 
eva|M>rate the Water, liowever gentle it may l)e, must produce sea* 
sible alterations in its principles, and change them in such a numner, 
as that their residues, examined by the difttTent method* of che- 
mistry, shall aflord compounds ditiering from those which were 
originally held in solution in the water. The loss of the gaseous 
substance?, which frequently are tlie principal agents in mineral wa* 
ters, rioj^ularly changes their nature, and bcdidcs causing a prec^ 
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tation of many sulMlances, which owe tlicir solabilityto the presence 
of these volitile matters, iikewUe|npoduces a re-action aoioug^the other 
fixed matters, whose pro|)er1ie8 are accordingly changed. The pbe* 
oonieoa of douhle decompositions which heat is capable of pro* 
during between compounds thut remain unchanged in ciild water, 
cannot be estimated and allowed for, but in cunse(|uence of a long se* 
lies of experiments not yet made. Without entering, therefore, more 
ftiily into tliese considerations, it will be enough to ubserve, that 
this asbertbO) whose truth b adiilitted by e^ery cheinist, autt. 
eiently shows, that evaporation is not entirely to be depended on. 
Hence it becomes a question, whether there be any method of as- 
l:ertaining the peculiar nature of substances dissolved iu water with. 
out having recourse to heat ; and whether the accurate results of tlie 
numerous experiments of modem writers afford any process for cor. 
reeling the error which might arise from evaporattoii. The follow, 
tug |>agesi extracted from a memoir communicated by M» Fourcroy 
to the Royal Society of Medicine, will show, that very pare re. 
«igent5 used in a peculiar manner, may be of much greater use in 
the analysis of mineral waters than has hitherto been thought. 

Among the considerable number of reagents proposed for the 
analysis of mineral waters, those which promise the most useful re« 
suits are tincture of turnsole, syrup of violets, lime« water, purr and 
caustic potash, caustic ammoniac, concentrated sulplmric acid, uL 
trous ncid, prussiat of lime, gallic alkohol, or spiriturms tincture 
of nut^^alls^xht nitric sohitions of mercury and of silver, paper co- 
loured by the aqueous tincture of fernambouc, which becomes 
blue by means of alkalis, the aqueous tincture of terra meriiay 
whirli the same salts convert to a brown red, the oxalic acid to ex. 
lubit the smallest quantity of lime, and the muriat of barytes to 
ascertaiii the snuillc&t possible quantity of sulphuric acid. 

Thf efl'ects and use of llicse principul re-agents have been ex« 
plained by all chemists, but they have not hisi^ted on the necessity 
of their slate of purity. Before they are employed, it is of the ut- 
most importance perfectly to ascertahi their nature, in order to avoid 
tallacious effects. Bergman has treated very amply of the altera. 
tioiis they are capable of pruducing. This celebrated chemist 
alliinis, that paper coloured nith the tincture of turnsole becomes 
of a deeper blue by alkalis ; but that it is not altered by the carbo. 
«ic acid. But as liiis colouring matter is useful chiefiy to ascertain 



KMr A M^cn/ AnmuminnAmmm wOf 



laflcfeirtfy daaliBd^ til il Int » Vae wkmr. He ■ tn h i td y r^itfcfc 
ijnip of nokt%'becittte k is tuli^icel to fi?niicnt, and bocaiMt it m 
mmlj ever obfaioedl witfaoot idsltention m Sivtieii. fiiorvoMi 
•Ms in a note , that it is easy to disti ag oish a syrup coioured by 
tamsdle, by the applieation of corrosive sitblimale» wUch givef it a 
led colour^ while k coaverts the true symp of miets to a greaa. i 

Lime-water is one of the ommI useAil ageata ia the aaalysis 4d 
winanil waters, tlidUgh lew cbemisti have espresdy OKatioded k m 
tlietr work». Iliis fluid decomposes metallic salts, especially suipbaiK 
of ifoo» whose metallic oxyde it precipitates ; it sepacates aktanilie 
aM amgoesfai from the salphoiic and muriatic acids, to which theae 
anbstaaees' are frequently united io waters^ It lihewise iadieatas 
the pieseaoe of caibouic acid, by its piecipitatioiu M. Oioaaetti^ 
a physictao of Tbrin, has Tery iogeaiously appUed it to esiaitaia 
the quantity of carbonic acid contained m the water of St* Vioaent* 
Tlib chemist, after haViug observed that the volnme or hulk of 
this acid, from which its quailtity has always been estimated, mast 
vary, accordmg to the temperature of the atmospheie, mixed ahm 
parts of lime-water wHh two parts of tlie water oif .St. Vineent : ha 
weighed the €9ic&reou9 earth formed by the combmathmof tka 
carbonic add of the mineml water with lime, and found, a^oonKnn 
to the calculation of Jaquin, who proves the existence of thirtcan 
ounces of tliu acid in thirty«two ounces of cbalh, that the watei of 
St. Vmcent contained somewhat more than ifleen grams* Bat as 
the liincwater may seise the carbonic acid mitted with tiie fi^d 
alkali, as well as that which is at liberty, M. Gioaoett^ toascertam 
more exactly the quantity of thb last, made the same experimcat 
wfth water deprived of its disengaged acid by ebullitmk. This 
process may therefore be empk>yed to determme, ui an easy and 
accurate manner, the weight of disengaged eaibooic acid, coo- 
tamcd in a gaseous mineral water. 

One of the principal reasons which have induced chemists to 
coiisider the xction of re-agents in tlie analysis of mineral waters as 
very fallacious, is, that tliey are capable of indicating several dif- 
ferent substances held hi solution in waters, and that it is tlien very 
didicuit to know exactly the eflSNrts they will produce, lliis oliser- 
vatiou relates more especially to potash, considered as a reotgent, 
because it decomposes-all the salts whkh are formed by the uniqa 
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•faekbwithdiiiimie^nHigBeMat line» aodinatali; WkentbiiflU 
luilrprecipiMet a minend w«tcr» it aumot, therefbit^ be koowo by 
wkiple iospeetioii or the precipitste» of what nature the earthy salt 
dhconposed m the expefimciit may be. Its efllrct b still more un- 
«ertaio» when the alkali tnade use of k satnnted with carbonic 
mad, as is most ^con m only the case# sinoe the acid to which it is 
«nited» augments the conAision of efiects/ for this reason^ the use 
«f fery pore caustic potash » proposed^ which likewise poa tei i g s an 
wdtantage oier the efiervcscent alkali, via. that of indkating the 
presence of chalk dissoltcd in a gaseous water» by virtue of the su- 
-peiabuodant carbonic acid x for it seiaes this acid» and the chalk 
-idls down of course* This fact is established by pouring soap leet 
■ewly made, into an artiScial gaseous water, which holds chalk 
in solution. The latter substance is precipitated in |>roportion as 
-the caustic fixed alkali seiaes the carbonic acid which held it in solu- 
twn. By evaporating the filtrated water to dryness^ carbooat of 
aada is obtauied» strongly efilervescent with acids. The caustic 
filed alkali likewise occasions a precipitate in mineral watery 
tiiou^ they do not contam earthy salts; for if they contain an alka* 
Jme neutral salt, of a less soluble nature^ the additional alkali will 
precipitate it by muting with the water» nearly in the smne manner as 
nikohol does» M. Gioanetti has observed this piieimmenon in the 
waters of St. Vincent ; and it may easily be seen by pouring caustic 
alkali into n solution of sulpbat of |>otash, or niuriat of soda; these 
two salts being quickly precipitated. 

Caustic ammoniac is in general less productive of error when 
mixed with mineral waters; because it decomposes only salts, with 
base of alupiine or magnesia, and docs not precipitate tlie calca- 
reous salts. It is necessary » however, to make two observations 
respecting tliis salt : the first is» that it must be exceedingly caustic, 
or totally deprived of carbonic acid ; without this precaution, it 
decomposes calcareous salts by double affinity : the second is, that 
the mixture must not be left exposed to the air, when the efiect of 
te action is required to be iiis|>ected several hours after it is added ; 
because^ as M. Gioanetti has well observed, this salt in a very short 
time seiaes the carbonic acid of the atmosphere, and becomes ca«e 
pable of decomposing calcareous salts. To put this ipiportant fact 
out of doubt, Fourcroy made three decisive experiuicnts ; some 
grants of sulpbat of lime, formed of transparent calcareous spar> 
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Ml dnsBO tfeii MNilkNi wlo two pBiti f WO uM fint he ponied % 
fnr drops of vny pora sripharfe acid, raceiitty naKk, mai tciy 
emetic; tkis he pat nto a welUclosed boUk : at the end of twen^ 
iiwiraBrifci ty eigh t houis it was dear and traospaieat, witho«t aHj 
ye c ipilHe» aad therefore no decompositioa had taken pfaMe. The 
^acooDd portioii was treated in the tame manner wilh aAmKMriac, hot 
ptoeed in n>eisel wliich comnranicated with the idr bj a htffe aper^ 
•tare : at the end of a few houhi a clond was ibmed near the npper 
aurfiiee, which eontinnallj uicrraied, and was at hst pieri|ritated to 
the hctton. This depontion eflfervesced strongly with si dphoria 
acid, and formed sulphat of ihne. The carbonic add cont a hed ha 
this precipitate was therefore afinrded bj the anniooiae whkh hid 
attracted it from the atmoqAere. This combination of caibooia 
acid and ammoniac forms ammooiacal oarbooat* capable of decom 
posing cakareous wits by dooble affinity, as Btack, Jacqnhi, ami 
many oiher chemists have shown, and as may be easily proved by 
pouring a solotion of ammoniacal carbonat into a solution of sol. 
phat of lime, which is not rendered turbid by canstic ammmiiat. 
Lastly, to render the theory of this second expcHment dearer, 
Pourcroy took the first portion to which the canstic ammanhc had 
been added, and wbich, having been kept ui a close vcisd, had hMt 
m> part of its transparency. He revened ttie bottle which c on tai ned 
it, over a foanel of a very small poeumato-cbemical apparatus^ and 
by the assistance of a syphon, passed mto it carbonic add gas^ dis* 
«ngaged from the efiervesoent fixed alkali by salphutic acid. In 
proportkm as the bubbles of this acid passed through the miatnre, 
it became turbid in the same manoer as lime-water; by fitratioa n 
piedpitate was separated, whidi was found to be chalk, and the wa* 
ter, by evaporation, afforded ammomacal sulphat: gaseous water, 
or the liquid carbonic acid, produced the same compodtion m ano« 
ther mixture of sulphat of lime, and caustic ammoniac. This de« 
cisive experiment clearly shows, that ammoniac decomposes sulphat 
of lime by double affinity, and by means of the carbonic add« 
Hence we see, that when it is required to preserve a mixture of the 
mineral water with ammoniac for several hours (which is sometimes 
necessary, because it does not decompose certain earthy salts, but 
aiery slowlyX the experiment must be made in a vessel which can be 
accurately closed, in order to prevent the contact of air, nhich 
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.would fiiUiy (be mull. ThfepiMMitM^^whicbiiorgfftttiMportmfle 
■I the use of all re-ageoti» m likewise u wli oued fay Bergmuii wnI 
GioapieUi* To these ONiy be added another obaenratioB conceniii^ 
the use of ammoniac* As it is a matter of coDsidcrable difficultj 
to [Nreserre ammoniac in tlie slate of perfect canslieitj, though it as 
necessaiy to be had in such a state» f<Nr the aiialysb of maneial 
waters* a very simple eapedient may be applied in this case. 
Itistopourasmall quantttjof ammoniac into a retort* whose neck u 
plunged in the mineral water; when the retort is kh'ghtly heated^ the 
mnmoniacal gas becomes disengaged, and passes highly cautic into the 
water* If it occasions a precipitate* it may be concluded that the 
mineral water contains sulpbat of iron* which may be known by the 
colour of tlie precipitate^ or otherwise that it contaius salts* with 
base of aluminous or magnesjan earth*^ Geiierally this precipitate 
h formed by the cha)k which was held in solution in the water* by 
means of tlie carbonic acid ; ammoniac absorbs this acid* and the 
chalk is deposited* It is difficult to detenniue from I he physical 
properties of tlie earthy precipitate formed in waters by caustic anu 
monia^t lo whicb of the two last bases it is to be attributed ; yet 
the manner in which it b formed may serve to decide. Six gnins 
n£ sttl|ihat of magnesia were dissolved in four ounces of distilled wa» 
trr» and six. grains of alum in an equal quantity of the same fluid ; 
through each of these solutions a small quantity of ainmoniacal gas 
was passed i tlie first solution immediately beaiiiu; turbid, while the 
latter did not begin to exhibit a precipitate till twenty minutes after. 
These mixtures were carefully included iu well dosed bottles. The 
same plienomeiion took place with the nitrals aiid muriats of mag- 
nesia and alumine* dissolved in equal quantities of diMilled water* 
and treated in the same manner* The quickness or slowness of the 
precipitation of a mineral water by the addition of aninKiniacal gas* 
therefore alfords the means of a^icertaining tlie nature of the enrtliy 
mit deconi|>osed by this gas. in geiierul, s;ilts, with base of mag« 
ncsm* are much more usually met with tlian those with base of alu- 
sunous earth. Bergman lias observed, that ammoniac is capable ef 
fonnuig with sulpliat of magnesia a compound iu which a portion of 
this neutral salt iscoinbined^ without deconi|>osition, with a portion 
of aminoniacal sulphuf. This non-decomposed portion of siiU 
phat of maguesiamuy probably form^ with the annuoniacal sulphit* 
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H mixed neutnil Mir, siinilar to the ammoiinco-tnercuflal muruit, 
or sai miembrotk. The ammoniac does not, therefore, precipitata 
the whole of the magnesiu, and consequently does not accurately 
exhibit the quantity of Epsom saiC, of x'lhicb that earth is the base. 
For this reason lime.water is preferable for ascertaining the nature 
and quantify of salts with base of magnesia contained in. mineral 
waters. It has likewise tht; property of precipitating the salts- with 
aluminous base much more abundantly and readily than ammoniacal 
gas. 

The concentrated sulphuric acid precipitates a white powder 
from water which contains barytes, according to Bergman ; but, as 
the same chemist observes, that this earth is seldom found in mine- 
ral waters, it will not be necessary to enlarge on the effects of this 
re-agent. When it produces an effervescence, or bubbles in water, 
it indicates the presence of chalk, carbonat of soda, or pure carbonic 
acid ; each of these substances may be distinguished by certain pe« 
culiar phenomena. If water containing chalk be heated after the 
addition of sulphuric acid, a pellicle and deposition of sulphat of 
lime are soon formed, which does not happen with waters "which 
are simply alkaline. At 6rst consideration it may seem that the 
sulphat of h'ine ought to be precipitated as often as tlie sulphuric 
acid is poured into water containing chalk ; this, however^ very seU 
dom happens without the assistance of heat, because these waters 
most commonly contain a superabundance of carbonic acid, which 
favours the solution of the sulphat of lime, and of which it is ne- 
cessary to deprive them .before the salt can be precipitated. Tliis 
fact may be shown in the clearest manner, by pouring a few drops 
of concentrated sulphuric acid into a certain quantity of lime water 
whicli has been precipitated, and afterwards rendered clear by the 
addition of carbonic acid : if the lime-water be highly charged with 
regenerated calcareous earth, a precipitate of sulphat of lime is 
thrown down in a few minutes, or more slowly in proportion as 
the carbonic acid is set at liberty: If no precipitate be afforded by 
standing, as will be the cajte when the quantity of sulphat of lime 
is very small, and the superabundant carbonic acid considerable, the 
application of a slight degree of heat will cause a pellicle of cal- 
careous sulphat, and a precipitate of the same nature to be formed. 

Tlie nitrous acid is recommended by Bergman to precipitate sul- 
pliur from hepaiiMtd watvrs. The experiment may be made by 
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poarinf a ftw drops of Ibe In-own and fuming acid on dntilied 
ter» in which the gas disengaged from caustic alkaline aulpliurct 
heated in a retort^ has been received. This artificial hepatic wa* 
ter» which does not considerably differ from natural sulpliureoua 
waters, except m the circumstance of its being more dilKcult t<r 
Alter, and its alwajfs appearing somewhat turbid, affords a precipe 
Me in a few Kconds, by the addition of nitrous acid ; the preGi|N# 
iHe is of a yellowish white ; when collected on a filter and dried, 
it bums with the flame and smell of sulphur, and in other respects 
kas )every character of that inflammable body. Nitrons acid seems 
to alter sulphurated hydrogen gas in the same manner as it does ail 
other inflammable substances, by virtue of the great quantity of 
•xjgen it contains. Scheele has recommended the oxygenated 
nnriatic acid to precipitate the sulphur from waters of this nature t 
*nly a very small quantity of it must be used» otherwise the sulphul 
%ill be burned and reduced to tiie state of sulphuric acid. Sulpha* 
feouii acid precipitates the sulphur very readily from waters which 
eoiitajn it. 

There are few re-agents whose moile of action is less known than 

that of the alkaline lixivium of blood, which has been caikd 

phlogiiticaHd alkali ; it has been long ^nce ascertained, that this 

liquor contains Prussian blue, or prussiat of iron, ready formed; 

k has been thought that this blue might be separated by the addi* 

tton o( an acid ; and in thb state it has been proposed as a sub* 

stance capable of exhibiting iron existing in mineral waters. Nothii^ 

can be more uncertain than tlie complete separation of prussiat of iron 

from this prussiat of potash made with blood. This iixivinm ought 

therefore to be no longer used as a re-agent. Macquer having discov* 

ered that Prussian blue is decomposed by alkalis, proposed potash 

saturated with the colouring matter of this blue, as a test to ascertain 

the presence of iron in mineral waters. But as the liquor itself likewist 

contains asmall quantity of Prussian blue,which may be se|)aratedby 

means of an acid, as Macquer has shown, Baum6 advises that twooK 

three ounces of distilled vinegar be added to each pound of thb Pms* 

shm alkali, and digested in a gentle heat, till the whole of the Prussiu 

Uue is precipitated ; after which pure fixed alkali is to be added to 

saturate the acid of vinegar. Notwithstandiug this ingenious |ko- 

cess, Fourcroy has observed, that the Prussian alkali^ purified by 

vfaiegar> deposits Prussian blue in process of time, more espeapUly 
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by eviporaHon. M. Oioanetti made the name obsehrttion' by 
evaponiling llie Prussian Hlkali, purified, by the method of Baum^^ 
to dryness : he has proposed two processes for obtaioiog this liquor 
IB a state of purity, and totally exempt from iron ; the one consists 
in supersaturating the Prussian alkali with distilled vinegar, evapo- 
rating it to dryness by n gentle .lieat, dissolving the remaining raasa 
in distilled water, and filtrating the solution ; all the Prussian blue 
remains on the filter, and the liquor which passes through containa 
none at all. The other process consists iti neutralizing the alkali 
with a solution of alum, from which after filtrating, the sulphat 
of potash is separated by evaporation. Tliese two liquors do not 
afibrd a particle ot Prussian blue with the pure acids, nor by evapon 
ration to dryness. The lime water, saturated with the colour, 
iiig matter of Prussian blue, which is a prussiat of iron, does 
not require these preliminary operations : when poured on a so^ 
lution of sulphat of iron, it immediately forms pure Prussian blue^ 
without any mixture of green. Acids only precipitate a few parti* 
cles of Prussian blue from this re-agent; it therefore does not 
contain iron, and consequently is preferable to the Prussian alkalis, 
in the assay of mineral waters. This plienomenon doubtless dc* 
fiends on the action of the lime, which, when dissolved in water^ 
is fiir from having the same efficacy on iron as alkalis have. Tliit 
prussiat of lime seems to be exceedingly well adapted to distinguish 
ferruginous waters, whether they be gaseous or bulphuric. In 
fact, the carbonic gas, which holds iron in solution in \iiaters, being 
of an acid nature, decomposes Prusnian lixiviums by tiie way of 
double affinity, as well as sulphat of iron. Fourcroy tried prussiat 
of lime on Spa waters, and these of Passy, and he immediately 
obtained a very perceptible blue in the former, and very abundant 
in the latter. This, therefore, is a liquor very easily prepared* 
which does not contain the smallest portion of Prussian blue, and 
is exceedingly well calculated to exhibit the presence of small quaut 
titles of iron in waters. It is a kind of neutral salt, formed by the 
prussic ackl, or the colouring part of the blue and lime. 

Nut-gallSy as well as all other bitter and astringent vegetables^ 
socfa as oak bark, the fruit of the cypress tree, the husks of nuts» 
lee. have the property of precipitating solutions of iron, and exhi* 
biting that raetal of different colours, according to its quantity, it* 
alate, and that of the «\ater in wliich it is dissolved. This colouf 

o 2 



100 SPftlNOS, SITSR9| CANALSi tAKBS» 

io general is of all shades, from a pale rose to the deepest Mack* 
It n well known that the purpte colour assumed by waters, with 
the thiclitre of nut-galls, is not a proof that they contain iron ia 
its metallic state, sinc^e the sulphat and carbonat of iron likewiso 
assumes a purple colour by the infusion of nut-galls. The differ- 
ences of colour observed in these precipitations, depend rather on 
the quantity of iron, its greater or less degree of adhesion to the 
wateo and the more or less advanced state of de|>osition of the 
solution, relatively to the quantity of oxygen contained in the iron* 
The astringent pruM:iple is known to be a peculiar tfcid, since it 
vnites with alkalis, converts blue vegetable colours to a red, de* 
composes alkaline sulpbures, and combines with metallic onydn* 
Vut-gails in p6wder, the infusion of this substance in water, made 
without heat, a^d tlie tincture by alkohol, are used to ascertain 
the presence of iron in mineral waters. The tincture is preferred, 
because it is not subject to become mouldy as the aqueous solution 
is. The distilled products of nut-galls likewise colour femiginons 
aolutions. The infusions in acids, alkalis, oils, and ether, eahibit 
tlie same phenomenon. The iron precipitated by this matter from 
acids is in the state of gallat of iron, and forms a kind of neotral 
salt, which, though very black, is not attracted by the magnet. It 
ilissolves slowly, and without sensible effervescence in acids, but 
loses these properties by the action of lire, and is then attracted by 
the magnet. The nut.gall is so efficacious a re- agent, that a single 
drop of its tincture colours, in the space of five minutes, with a 
purple tinge, three pints of water, which contains only the twenty 
iHllh part of a grain of sulphat of iron. All these phenomena pro* 
ceed from the great facility with which the matter of nut-galls 
burns, and from its readily absorbing from the iron a portion of the 
oxygen it contuins, passing by this means to the state of a black 
oxyd or ethiops, the smallest quantity of which is very perceptible 
in transparent liquors. 

The two last reagents, we shall propose for the examinatioii of 
waters, are solutions of silver and of mercury in the nitric add. 
These have usually been employed to exhibit the presence of the 
sulphuric, or muriatic aciiis in mineral waters; but many other 
substances, which do not contain the smallest portion of those, ait 
likewise precipitated by these solutions. The white and heavy 
striae which the nitrat of silver exhibits in water^ tiint contains no 



CATABACTt, AND INVNDATlOlft 197 

Moie than half a gram of moriat of soda in the pfaif, ascertains the 
presence of tlie muriatic acid with great certainty and facility ; bat 
they do not in the same manner indicate the presence of the sul- 
phuric acid, since, according to Bergman's estimate, at least thirty 
grains of sulphat of soda must exist in the pint of water, in order 
to province an immediate s<^sible effect* To this we may add, that 
fixed alkali, chalk, and magnesia, precipitate the nitric solution of 
silver in a much more evident manner, and consequently that , the 
precipitation formed in a mineral water by this solution is insufficient 
to determine with preciuon, the saline or earthy substances from 
which it arose. 

The solution of mercury by the nitric acid, is still more prodoc* 
tive of error: it not only indicutes the presence of the sulphuric 
and muriatic acids in waters, but it is likewise precipitated by the 
ewthy and alkaline carbonats, in a yelhiwish powder, which might 
be mistaken for an effect of the sulphuric acid* It has been com* 
monly supposed, that the ver% abundant white precipitate which it 
forms in water, b owing to the presence of a muriatic salt ; yet 
mucilaginous ami extractive substances exhibit the same phenome. 
non, as is now well known to all chemists. Besides, these sources 
of error and uncertainty, dependent on the property which several 
substance« have, of producnig similar precipitates with the nitric so* 
Hition of mercury, there are likewise others which depend on the 
state of thb solution itself, and which it is of the utmost conse. 
quence to know, in order to avoid very considerable errors in the 
analysis of waters. Bergman has mentioned some of the remark- 
abfe differences observed in this solution, according to the manner 
in which it is made, either with or without heat, more particularly 
with respect to the colour of the precipitates it affords by diflerent 
intermediums ; but he does not say a word concerning the property 
thia solotiim poaaestes, of being precipitated by distilled water, when 
it is highly charged with t>ie ox\d of mercury ; though Moiinet 
mentions this fiict in his treatise on the dissolution of metals. As 
this subject is of great importance in the analysis of waters, Four* 
croy endeavoured by a very minute investigation to arrive at some 
degree of certainty concerning it, and has succeeded, as shall pre- 
icntly appear by very simple means. He has made a great number 
of s<ilutions of mercury, io very pure uitnc acid, with different 
Hoses of these two substances, with beat and m the cold, and with 
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acids of Tery different strengtba. These experiments have aflfordel 
the following results : 

1. Solutions made in the cold, became cliar<:ed more or leit 
readily with different quantities of mercury, accordiuju; to llie degree 
of concent ration of the nitric acid: but whatever tlie quantity of 
nercury dissolved in the cold by the concentrated acid may be, no 
part of it will be precipitated by mere water* He dissolved in the 
cold two drachms and a half of mercury, in two druchms of ni« 
trous acid red and fuming» weighin*; one ounce four drachms and 
five grains, io a bottle which contained an ounce of distilled water; 
the combination took place with the utmost rapidity ; very dense 
nitrous gas escaped, together with aqueous vapours, dissi|Kited by 
tiie heat of the mixture, amounting to more than one fourth of the 
acid. This solution was of a deep green, and very transparent: 
he poured a few drops into half an ounce of distilled water: some 
white strix were formed, which were dissolved by agitation, and 
afforded no precipitate, though it was the most saturated solotioa 
he could make in the cold, and presented the greatest degree of 
commotion, effervescence, ind red vapours, during the combina- 
tion of the mercury and acids. As it had dq)osited crystals, he 
added two drachms of di!«tilled water, which dissolved the whole 
without any appearance ot precipitation. With much greater safety^ 
therefore, may such solutions as have been made in the cold with 
common nitric acid, and half their weight of mercury, be used in 
the analysis of mineral waters, for they will never afford a precipi- 
tate by the addition of mere water. 

2, The weakest nitric acid strtm^Iy heated on mercury, will dis- 
solve a larger quantity than the strongest acid in the cold. The so- 
lution, uhicli isthick and of a lij/Jit yellow colour, will appear thick and 
oily, aud will afford by standing, an irregular yellowish mass, which 
may be changed into a beautiful turbith by the addition of boiling 
water; this solution poured into distilled water, forms a very 
abundant precipitate of a yellow colour, similar to turbiih. A 
solution made in the cold exhibits the same result, if it be strongly 
heated, so as to disengage a lai^ge quantity of nitrous gas. These 
solutions made uith heat, ought therefore to be exclu<led from the 
analysis of miueral waters, because they are decomposable by dis- 
tilled water. 

3. The two solutions appear to differ from each other io the 
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^oMitiljr of oijdc of mercwrj, which it nnch gretlir hi tbt 
which if precipitated by the water, tbao in that which it not de« 
«oaipo9able by the fluid. M* Fourcroy has proved this, by evapo* 
fating equal quantitiet of both thl^se toiutioot in an apothecary^ 
phial» to reduce tliem into red precipitate, and he obtained ona 
fourth more of this precipitate from the tohition which is decom* 
poted by water, than from that which it not rendered turbid. 
The speci6c gravity likewise appeared to be a good method of 
•tcertaining the relative quantities of oxyd of mercury contained hi 
these diierent fltti<is. He compared weights of equal masses of 
three mercurial nitrous solutions : the one, which was not at all 
precipitated by distilled water^ and was the result of the first men* 
tioued experiment^ weighed one ounc<' one drachm and staly. 
seven grains, in a bottle which contained exactly an ounce of dit* 
tilled water. The second solution was made by a very gentle hea^ 
and produced a slight opal colour with distilled water, and scarcely 
any tentible quantity of precipitate. The same bottle contained one 
ounce six drachms iwenty-iour graios. Lastly a third mercurial 
solution considerably heated, and which precipitated a true tmrbiik 
minerai of a dirty yellow, by distilled water, weighed in the tamt 
boltlcy one ounce seven drachms twenty-five grains. A decisive exi* 
perimeut remamed to be made to confirm this opinion still mope 
perfectly. If the solution precipitated by water, owed this property 
to a quantity of mercurial oxyd too large with respect to the acid^ 
to would of course lose that property by the addition of aci«l ; thb 
accordingly happened. Aquafortis was poured on a solutioo which 
was deconipoted by water, and it soon acquired the property of uo 
longer being precipitated, and was absolutely in the tame ttale af 
that which had been made slowly at first, by the mere heat of the 
atmosphere. Monnet has mentioned this procett, as a means of 
preventing cryttab of mercurial aitrat from becoming converted 
into oxyd by the contact of the an-. It is 4)y a contrary process^ 
and by eraporating a portion of the acid of a good solution, which 
is not precipitated by water, that it is converted into a solution 
much more strongi) charged with mercurial oxyd, and consequeutly 
oapable of being decomposed by water; its original property 
may be restored by the addition of a quantity of acid> equal 1^ 
that which it lost by evaporation. 
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Such are the difiereiit coDiklerations M, Fourcro^r has thought 
necessary to exhibit, tliat the effects of re-agents on waters may be 
better ascertained i but whatever may be the degree of precision 
to which researches of thb nature may be carried ; liowever exten* 
sive the knowledge we may have acquired concerning the degrees 
of purity> and the different states of such substances as are com* 
biued with niineriil waters, for the purpose of discovering their 
principles, if it still remaius a fact, that each of these re-agents if 
capable of indicating two or three different substances dissolved ia 
tliese waters, the result of their action will always be subject to un- 
certainty. Lime, for ejiample, seijees the carbonic acid, and preci- 
pitates salts with the base of alumine, and of magnesia, as wf II as 
the metallic salts* Ammoniac produces the same eiiect ' Fixed 
alkalis, besides the above mentioned salts, precipitate those with 
base of lime. The calcareous prussiat, the prussiat of potash, and 
gallic alkohol, precipitate the sulphat and carbonat of iron. The 
nitric solutions of silver and of mercury, decompose all the sulphu- 
ric and muriatic salts, which may be various both in quantity and 
iu kindt in the same water, and are themselves decomposable by al- 
kalis, chalk, and magnesia. Among this great number of compli- 
cated effects, how shall we distmguish that which takes place in the 
water under examination, or by what means bhall we ascertain 
whether it is simple or compounded 1 

These qm>stions, though very difficult, for the time when the ex- 
pedients of chemistry were little known, are nevertheless capable of 
being .discussed iu the present state of our knowledge. It must 6rst 
be observed, that the nature of re-agents being much better known 
at pre!»ent tiian it was some years ago, and their reaction on tlic 
principles of water better ascertained, it niav, tlierefore, be strongly 
presumed that llieir application may be much more advaulageousiy 
made than has hitherto been supposed ; nevertheless, among tlie 
great number of excellent chemists who have attended to the ana. 
lysis of waters, Messrs. Bauinc, Bergman, and Gioanetti, are almost 
the only persons who have been aware of this great advantage. We 
have been lung in the habit of examining mineral waters by re- 
agents, in very small doses, and often iii glasses ; the phcHomena of 
the precipitations observed have been noted down, and tlie experi- 
ment carried uo further. Baunie advises, in his ehimistry, tliat n 
considerable quantity of the mineral water under examination^ 
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iboaid be saturated with fixed alkalis and wtfb acid^^ that the preci* 
pitates be collected, and their nature examined. Bergman appre- 
bended that tlie quantity of the principles contained in waters might 
be judged of from the weight of the precipitates obtained in tbeise 
niixture^. Several other chemists have likewise employed this me- 
thod, but always with a view to cei;tain particular circumstances; 
and no one has hitherto proposed to niitke a connected analysis of 
mineral waters by this means. To succeed in this analysis, it would 
be proper to mix several pounds of the mineral water with each 
re-agent, till the latter ceases to produce any precipitate : the pre- 
cipitate should then be suHTcred to subside during the time of 
twenty.four hours, in a vessel accurately closed ; after which the 
mixture being filtered, and the precipitate dried and weighed, the 
operator may proceed to examhie it by the known methods. Tii 
this manner the nature of the substance will be clearly ascertained 
on which the re-agent has acted, and tlie cause of the decomposi- 
tioo may consequently be inferred. A certain order may be fol- 
lowed in these operations, by mixing the waters first with such 
substances as stand least capable of altering them, and afterwards 
passing to other substances capable of produchig changes more va- 
ried and difficult to explain. The following method is that which 
Fourcroy commonly uses in this kind of analysis. After having exa* 
mined the taste, the colour, the weight, and all the other physical 
properties of a mineral water, hepour.^ tour pounds of lime water 
on an equal quantity of the fluid ; if no precipitate is made ia 
twenty.four hours, he is sure that the water contains neither disen*' 
gaged carbonic acid nor alkaline carbonat, nor earthy salts with 
tlie base of aluminous earth or magnesia, nor metallic salts. But if 
a precipitate be formed, he filters the mixture, and examines the 
chemical properties of the deposited substance ; if it has no taste, 
if it be hisolnble in water, or eflrerve!»ces with acids, or forms an 
insipid and almost insoluble salt by the addition of sulphuric acid, 
he concludes that it is chalk, and that the lime water has acted 
onlv on the carbonic acid dissolved in the water. If, on the con- 
trary, it is small in quantity, and subsides very slowly ; if it do not 
efiVrve^re, and aft'ord;) with the sulphuric acid a styptic salt, or a 
bitter and Very S')hd)le salt, it is formed by magnesia or aluminous 
earth, and often by both. 

After the examuiation by lime water, Fourcroy pours an four 



iOft SFElMGi, KIVfiKS, CANAtt, LAKES, 

Other poiMids of the same minenil witer, a drachm or two of ammoiy 
niac perfectly caustic, or causes animoiiiacal gas, disengai^ecl by 
beat from the alkali, to pass hito the viater* Wliea the water ii 
saturated, it is left at rest in a close %essel for tweuty-foor hours; 
if a precipitate be afforded, it cau only coosbt of terrugioous or 
magoesian, or aluminous salts, whose nature is examined by the 
different methods mentioned in the toregoing paragraph* But the 
action of animoniacal gas beiug more failacious than that of lime 
water, which produces the same decompositions, it must be ob* 
served that this last should onl^ be used as an assistant means, which 
does not afford results equally accurate with those produced by the 
former re*agent. 

When salts with base of aloirinous earth, or magnesia* havebeee 
discovered b^ lime water, or by ammoniacal gas, the caustic liied 
alkalis may be used, to distinguish those with base of lime, such as 
sulphat and m^riat of lime. For thb purpose Fourcroy precipitates 
some pounds of the water, which is examined by either of these 
liquid alkalis, till it no longer produces any turbidness. As this 
alkali decomposes salts with a base of aluminous earth, as well as 
those composed of lime; if the precipitate f^psembles in it& form, 
colour, aud quantity, that which lime water has aflbrded, it may 
be presumed that the water does not contain calcareous salt, aud 
the chemical examiuations of the precipitate usually confirms this 
su'ipicion : but if the mixture b much more turbid than that made 
with lime water; if the deposition be much heavier, more abundant, 
aud more readily afforded, the lime is mixed with magnesia or 
alumine. This is ascertained by treating the precipitate after the 
different methods before explained. It may easily be concluded, 
that iron precipitated by re-agents, at the same time as the salioo» 
terrestrial substances, b easily known by its colour aud its taste; 
and that the small quantity of this metal separated in these pro* 
cesses, is not sufficient to effect the results. 

It were useless to explain at large the effects of sulphuric acki, 
nitrous acid, gall-nuts, or of the calcareous and alkaline prussiati^ 
employed as re^agcnts on mineral waters. The general account of 
these eH'ects which has already been ^iven may sutbce; it need 
therefore only be noticed, that when tney are mixed iu large doses 
with these waters, and the precipitates collected, the nature and 
quantity of their principles may be more accurately ascertained^ as 
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liaf been done by Messrs. Bergmao and Gioaaetlu The productf 

whidi the nitric solutious of silver <ir mercury aflford when mixed 

with luiiieml waters, deserve particular attetiiion. It is mure fmr« 

licularly necessary to operate witb lar^e c|U'jiitities of water, when 

these re agents are used, m order to detcriuine the natare of Xhm 

acids contained in the waters. The analysis oi tliesi* fluids will be 

complete when their acids are known, because tiie;^ art (»fien com« 

bined with the basis oihibited by tlie re-agent!» be forr.men Honed. 

The colours, the form, and the abundance of the prccipit^tes af« 

forded by the nitric solutions of mercury and silver, have hitherto 

exhibited to chemists the nature of the acids which caused them. 

A thick and ponderous depdsition immediately formed by these 

aolutioos» denotes the muriatic acid : if it is small in quantity^j» 

ivhite, and crystallized with the nit rat of silver, or yellowisJi, and 

yellow and irregular when formed with that of mercury, and if it 

subside but slowly, it is attributed to the bulphuric acid- Biit ai 

thcM! two adds are often met with in the same water, and as 

alkali and chalk likewi&e decompose the solutions, the results or 

deductioos made trom the physical properties of the precipitates 

must be uncertain. It is therefore necessary to e&amine them more 

effectually : for this purpose, solutions of silver or of mercury may 

be mixed with live or six pounds of the water intended to be ana* 

lysed. The mixtures bemg tittered, twenty four hours after tli^ 

precipitates must be dried, and treated according to the methods 

of chemistry. If the precipitate affurded by the nitric solution of 

mercury be heated in a retort, the portion of metal united with 

the muriatic add of the waters will be volatilized into mercuriui 

dulcis, and Uiat which is combined with the sulphuric acid will re* 

iiwin at tlie bottom of the ves!>el, and exhibit a reddish coloar. 

These tvio salts may likewise be distiiigui^ihed by putting them un a 

hot coal ; the sulphat of mercury, if present, emits a sulphureoiia 

acid, and assumes a red colour; the mercurial muriat remaina 

white, and is volatilized without exhibiling any smell of sulphur. 

The^e phenomena likewiste serve to distinguish tiie precipitates 

which may be formed b) the alkaline subhlances contained in %vater» 

since the latter do not emit the sulphureous smell, and are not 

volatile without decom position. 

The precipitates produced by the combination of mineral 
waters witli the nitric solution of silver, may be as easily examiMd 
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as tlie foregoing. Sulphat of silver being more soluble than the 
mnrtat of the same metal, distilled water may be successfully used 
to sefmrate these salts. Muriat of silver is known by its fixity* 
its fusibility, and especially in its being less easily decomposed than 
sulphat of silver. This last, placed on hot coals, emits a sulpbure* 
ons smell, and leaves an oxyd of silver, which may be fused with, 
out addition, 

^ The Examination of the Mineral Waters by Dhtillation.'^ 
Distillation is used in the analysis of waters, to ascertam the 
gaseous substances they may be united to. These substances are 
either air, more or less pure, or carbonic acid, or sulphurated 
hydrogen gas. To ascertain their nature and quantity, some 
pounds of the mineral water must be poured into a retort, saf. 
jficiently la'rge to contain it, without being filled more than half or 
two-thirds of its capacity.; to this vessel a recurved tube is to be 
adapted, which passes beneath an inverted vessel filled with 
mercury. In this disposition of the apparatus, the retort most be 
heated till the water perfectly boils, or till no more elastic fluid 
passes over. When the loperation is finished, the quantit}* of air 
contained iu the empty space of the retort must be subtracted from 
the bulk of the gas obtained ; the rest consists of aeriform fluid 
which was contained in the mineral water, wiiose properties may 
quickly be known by the proofs of a lighted taper, tincture of 
turrisole, and lime water; if it catches fire, and has a fcettd smell, 
it is sulphurated hydrogen gas; if it extinguishes the taper, 
reddens turnsole, and precipitates lime water, it is the carbonic 
acid; lastly, if it maintains combustion without taking fire, is with, 
out smell, and alters neither turnsole nor liiiie wuter, it is atmo. 
spheric air. it may happen that this fluid may be purer than the 
air of the atmosphere: in this case its dejf^rees of purity may he 
judged by the manner in which it maintains combustion, or by 
mixing it with nitrous or hydrogen gas, in the eudiometers of 
Fontana and Volta. The process used in obtaining gaseous mat ten 
contained in waters is entirely modern. A moistened bladder was 
formerly used, which was adapted to the neck of a bottle filled with 
mineral water: the fluid was agitated, and by the swelling of the 
bladder, an estimate was made of the quantity of gas contained in 
the water. This method is now known to be fiiilacioas, because 
water cannot give out all its gas but by ebullition, and because the 
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tides of the mobtcoed bladder alter and deeompote tbe elastic Bnkt 
obtained. It » scarcely necessary to remark, tinit the phenomena 
eihibited by the iw^ater, during the escape of the gas, most be 
carefully examined, and that a less quantity of water may be 
exposed to distillation, in proportion as its taste and sparkling indu 
cate that it contains a larger quantity of gas. 

Such is the method recommended by modem chemists^o obtaia 
the elastic fluids combined with waters : It must be observed^ 1* 
That th'is process cannot be depended on, with regard to acidolous 
waters, unless the pressure of the atmosphere, and the state of com- 
pressioo of the elastic fluid imder the glass Tcsseis be more accti* 
nitely accounted for : and as this is not easily done, the absorptioa 
of carbonic acid by lime water^ proposed by Gioanetti, appears to 
be preferable. 2. Though it has been recommended by Bergman 
to obtain sulphurated hydrogen gas from sulphureous waters, it 
does not answer, because tlie heat of ebullition decomposes the gas» 
and it is likewise decomposed by the mercury, which is converted 
into ethiops, as soon as it comes in contact with this clastic fluid : 
for this reason, litharge should be used to absorb this gas in the 
cold, and to deprive sulphureous waters of their sulphur. 

The Examination of Mineral Waters by Evaporation.^^ 
Evaporation is generally considered as the most certain method of 
obtaining all the principles of mineral waters. We have before ob* 
served, and here repeat, from various well conducted experimentSp 
that long continued ebullition may decompose saline matters dii« 
solved in water, aiul for that reason we have advised the exanii* 
nation of them by re-agentSj employed iu greater proportions ; yet 
evaporation may aflbrd much information^ when used, togethef 
with the analysis by re-agents, which ought always to be coosidefedl 
as one of the principal methods of examining waters. 

The intention of evaporation being to collect the fixed priDolpka 
contained in a mineral water, it is obvious, that in order to know 
the nature and proportion of these principles, a considerable quan- 
tity of the water must be evaporated, and so much the more, iu pro* 
portion as the principles appear to exist in smaller quantities. 
When the water is thought to contaui a large quantity of saline mat* 
ter, about twenty pounds must be evaporated ; if, on the contrary^ 
it appears to hold but a very small quantity in soluiion, it will be ot. 
«c«ary to evaporate a much larger quantity. It is sometimes re* 
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quitite to perforoi tbii operation with several hundi«d pounds. The 
nature and ' fomi of tbe vessels in which waters are exported for 
evaporation, is not a matter of indilterence . those of nu'tal, ex. 
cepting silver, are altered by water: vessels of glass, of a certain 
magnitude, are very subject to be broken ; but those of f>Used 
smooth |)ottery are the most convenient, though the cracks in the 
glaze sometimes canse an absorption of saline matter ; vessels of 
unglased porcelain, called biscuit, would doubtless be the most 
convenient, but their price is a considerable obstacle. Chemists 
have proposed different methods of evaporating mineral waters; 
some have directed distillation to dryness^ in close vessels, in order 
to prevent foreign substances, which float in the atmosphere, from 
mixing with the residue; but this method is excessively tedious: 
others have advised evaporation by a gentle heat, never carried to 
ebullition, because tliey sup|Yosed that this last heat alters the fixed 
principles, and carries up a portion of them. This was tbe opinion 
of Venal and Ber;;man. Monnet, on the contrary, directs the wa. 
ter to be boiled, because this motion prevents the reception of 
li>reign matti*rs contained in the atmosphere. Bergman avoids thia 
inconvenience, by directing the vessel to be covered, and a hole left 
in tlie middle of the cover for the vapours to pass out • this last mo- 
thod greatly retards the evaporation, because it diminishes the sur- 
face of the fluid. At the commencement, the heat used must be 
auflicient to rf|X'l the dust; but the ;[rrrutest diflerence in the mani* 
pulation of this experiment consists in some writers directing that 
the substances deposited should be separated, as the evapora- 
tion proceeds^ in order to obtain each pure and by itself; others, on 
the contrary, direct the operation to be carried ou to dryness. We 
are of the opinion of Bergman, that tiiis last method is the roost ex« 
peditious and certain; because, notwithstanding the care which may 
be taken, in the first method, to separate the different substances 
which are deposited or crystallized, they are never obtained pure, 
and must always be examined by a subsequent analysis ; and tbe 
method is besides inaccurate, on account of the frequent tilrr<ttioo% 
and tlie loss it occasions. Lastly, it is very embarrassiiii?, and ren- 
ders the evaporation nmch longer. Mineral waters niay therefore 
be evaporated to dryneMs, in open glass vessels, on the water.batb, 
or still more advantageously in glass retorts, on a sand-bath. 

Various |>heuomi;ua are observed during this operation ; if the 
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fralcf be acidiilotia. H emlu bubble^ as sood u tbe bett first begiw 
to irt; io proportion as th« catbonic acid m diaeogagcd; a pellicle 
is formed, with a deposition of calcareous earth, and carboDat of 
iron* These first peiSicles are succeeded by tbe crystallixatiou of 
sulphat of lime; and lastl^f, the muriats of potash aod soda crys. 
tallize ID tubes at the surface*, but the deliquescent salts are uot ob« 
taioed but by evaporation to dryness, 

Tbe resitiue must then be weighed, and put into a small phial» 
with three or four times its weight of alkuhoi : the wliole being agi* 
tated, and sufiered to subside for some hours, must be filtrs^ted, and 
the aikohol preserved sefNirate. The residue on which the spirit 
has not acted, must be dried in a gentle heat, or in the open air; 
when perfectly dry ^it must be weighed, and the loss of weight will 
show what quantity of calcareous or magnesian muriat was con- 
taine<lj because these salts are very soluble in aikohol. We shall 
presently speak of the method of ascertaining the presence of these 
two salts in the spirituous fluid. 

Tlie residue, after treatment with alkoliol, and dryiuj;, must be 
agitated with eight times its weight of cold distilled water, and fiU 
tered. After some hours standing, the residue is to be dried a le* 
cond time, and boiled half an hour in four or five hundred times its 
weight of dbtilled water ; this last residue, afier fiitration, consists 
of that which cold or boiling water is insufficient to dissolve. The 
first water contains neutral salts, such as sulphat of soda, or of mag- 
nesia ; the muriat of so<la, or potash aud the fixed alkalis, espe* 
dally soda united with carbonic acid : the large quantity of boiling 
water scarcely contains any substance but sulphat of lime. There 
are therefore four substances to be examined, after these difieient 
operations on the matter obtained by evaporation, i. The retidiie 
insoluble in aikohol, and in water of difierent temperatures. 2. The 
aalts dissolved in aikohol. 3. The salts dissolved in cold wa|^ 
4, and lastly. Those dissolved in boiling water. We shall now pro- 
ceed to the experiments necessary to ascertain the nature of these 
different substances. 

!• The residue which has resisted the action of the aikohol and 
water, may be composed of calcareous earth, of carbonat of raagiie- 
aia and iron, ofalnmine, and of quarts. Tliese two last substances 
pre seldom found in waters, hurt the three first are very common ; 
biowB| or more qr kii d|eep yellow colour, indicates the presenca 
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of iron. If the residue be of a white grty, it does not contiiiii tbii 
metal. When iron is present, Bergman directs it to lie nioistenedy 
and exposed to the air till it rusts ; in which state vinegar does not 
act on it. In order to explain the methods of separating these dif- 
ferent substances, we will suppose an insoluble residue to consist of 
the five substances here mentioned ; it must first be moistened^ and 
«jiI>osed to the rays of the sun ; and when the iron is perfectly rusted, 
the residue must be digested in distilled vinegar. This acid dissolves 
the lime and magnesia, and by evaporation affords the calcareous 
^acetit, distinguishable from the acetit of magnesia, by \U not attract* 
ing the humidity of the air. They may consequently be separated 
by deliquescence, or by pouring sulphuric acid into their solutiou. 
The latter forms sulphat of limci which precipitates ; but if the 
magnesiau acetit be present, the sulphat of magnesia ^ composed 
of magnesia united with the sulphuric acid, will remain in solutioo, 
and may be contained by a well-conducted evaporation. To as« 
certain the quantity of magnesia and calcareous earths contained ia 
this residue, sulphat of Ihne is first to be precipitated : and the 
sulphat of maguesia, formed by the sulphuric acid poured into the 
acetous solutiou, must then be precipitated by carbooat of pMask 
the quantities of these precipitates are known by weighing. When 
the chalk and magnesia of the residue are thus separated, the iron, 
the alumine, and the quartz remain. The iron and the alumfne are 
dissolved by pure muriatic acid» from which the former b precipi* 
tated from prussiat of lime, and the latter by carbonat of potash. 
Tliese precipitates must likewise be weighed. The mutter which 
remains after the separation of the alumine and iron is usually 
quart zosc; its quantity may be known by weighing, and its habi- 
tudes by fusion of the blow*pipe with carbonat of soda. Such are 
the most accurate processes, recommended by Bergman, for es- 
■Mining the insoluble residue of waters. 

2. The alkohol used in washing the solid residue of mineral wa* 
ters, nmst be evaporated to dryness. Bergman advises treating it 
with sulphuric acid diluted with water in the same manner as the 
acetous solution before spoken of; but it must he observed, that 
this process serves only to exhibit the bases of these salts. To de- 
termine the acid, which is ordinarily united with magnesia or liraei 
and sometimes with both, a few drops of conceiitmted ^trlphurie 
acid must Le poured on| which excites an effervescence, and ^ru 
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gftj^ the muffktfc fas, known by its smell and white' fapour, when 
the Silt under examination contains that acid. This may lilcQwise 
be known by dissolving tlie whole residue in wmter» and adding a 
lew drops of the nitric solution of silver. The nature of the base, 
which, as we liave observed, is either lime, magnesia, or both toge* 
ther, is known by the name of the sulphuric add, by a similar pro* 
cess with that already explained respecting the acetous solution. 

3. The water used in washing ilie first residue of the mineral wi-* 
ter, performed, as before directed, with eight times its weight of 
cold distilled water, contains neutral alkaline salts, such as solphat 
of soda, muriats, or marine salts^ carbonat of potash, and of {oda» 
and sttlphat of magnesia : a small quantity of sulphat of iron is 
sometimes found. These salts never exist altogether in waters : 
the sulphat oi soda, and the carbonat of potash, are very seldom 
fonnd ; but marine salt is frequently met with, together with car. 
booat of soda* The sulphat of magnesia is likeinise frequently met 
with, and some waters even contain it in considerable quantities; 
When the lirst washhig of the reudiie of a mineral water contains 
only one kind of neutral salt, it may easily be obtained by cr^fstal- 
lixation, and its nature ascertained from its form, tastCi and tlic 
action of fire, as well as that of the re-agents: but this case is very 
rare, for it is much more usual to find many salts united in this lixi* 
vium. They must therefore be separated, if practicable, by slow 
evaporation ; but as this method does not always perfectly succeed^ 
however carefully this evaporation l>e conducted, it will be neces* 
sary to reexamine the salts obtained at the difierent periods of the 
evaporation. Carbonat of soda is usually deposited confusedly 
with the muriatic salts, but they may be separated by a process^ 
pomted out by M. Gioanetti. It consists in washing this mixed 
aalt with dutilled vinegar ; for this acid dissolves the carbonat of 
soda. The mixture must then be dried and washed a second tiM 
with alkoholy which takes up the acetit of soda, without acting on 
marine salt. The spirituous solution being evaporated to dryness, 
and the residue calcined, the vinegar becomes decomposed and 
bums. Soda alone remains, whose quantity may be then accurately 
determined. 

4* The water used in the quantity of four or d^t hundred times 
the weight of the residuum of tlie mineral water contains only suU 
phat of lime. This may be ascertained by pure caustic ammoniac, 
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which occasions no change, while caustic potash precipitates it aboiu 
dantly. By evaporation to dryness, the quantity of earthy salt con* 
tained in the water may be accurately ascertained. 

Concerning artificial Mineral ^a/erf .— The numerous pnn 
cesses we have prescribed for exiiniining the residues of mineral 
waten by evaporation^ serve to ascertain, with the greatest precisiott« 
all the several matters held in solution in these fluids. Anotlter 
process remains to be made to prove the success of the analysi!!, 
via. That of imitating nature in the way of synthesis, by dissolving 
in pure water the different substances obtained by the analysis of 
nincral water which has been examined. If the artificial minenl 
water has the same taste, the same weight, and exhibits the same 
pbenomena with re-agents as the natural mineral water, it b the 
most complete, and the most certain proof that the analysis has 
been well made. This artificial combination has likewise the ad- 
vantage of bemg procured in all places at pleasure, and at a trifling 
expencc ; and is even in some cases superior to the natural mineial 
waters, for their whole properties may be changed by carriage and 
other circumstances. The most celebrated chemists are of opinion, 
that it is possible to imitate mineral waters. Macquer liasob* 
served, that since the discovery of the carbonic acid, and the pro- 
perty it is found to possess of rendering many substances soluble ia 
water, it is much more easy to prepare artificial mineral waten* 
Bergman has described the method of composing waters which per- 
fectly imitate that of Spa, Seltzer, Pyrniout, &c. He likewise 
informs us, that they are used with great success in Sweden, and 
that he himself has experienced their good efiects. Ducliauot 
has published a work, in which he has given a number of procesies 
for imitating all the mineral waters usually employed in medicine. 
We may therefore hope, that chemistry may render the most esseo. 
tial service to the art of healing, by afllbrding valuable medicims 
whose activity may be increased or diminished at pleasure. 

III order to present the reader, under one point of view, witk 
the most conspicuous features in the composition of the mineral 
waters of this and some other countries, the following Synoptical 
Table is subjoined, from Dr. Saunders* work on mineral waters. 

llie reader will please to observe, that under the head of Neutral 
Purging Salti^ are included the sulphaU of soda and magnesia, and 
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the rouriBts of littie^ soda, and umgaetku Hie poirer which Ak 
earthy inuriats possess of ading on the uiteslinal canal* is not quHa 
ascertained, but from their great solubility, and from analogy with 
salts, with similar component parts* we may conclude that this fount 
a principal part of their operation. 

The reader will likewise observe, that where the spaces ate htt 
blank, it signifies that we are ignorant whether any of the sab- 
stance at the head of the column b contained in the water; that 
the word none implies a certainty of the absence of that substance ; 
and the terra uncertain, means that the substance u coDtained« but 
that the quantity b not known. 
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SKCTIOX IX. 

Caiaraeis and Inundationt. 

1. CatarucU of the Nile. 

The bed and course of thi^ river we have described in a previous 
chapter. Tbrough its long and fertile range of about two tbou« 
aaiid Brilibh oiiies, it has ofleu to wind through abrupt and preci. 
pitous countries ; and is not unfrequentl}* slreugtfaeued b3f other 
rivers, va well as occasonai lakes and rapids. In consequence of 
iwhich it often exhibiti very considerable cataracts or waterfalls. 
With respect to the number of these the different travellers are not 
agreed, some having placed in the catalogue, Mveral of not more 
than seven or eight feet of perpendicular heieiit, which others havt 
rejected as too diminutive to deserve notice. We may safely affirm, 
however, thai it contains not less than ten or twelve whose descent 
may be estimated at upwards of twenty feet befure it reaches the 
level cf Eg\pt. One of the chief occurs to the uorth*east of Mor. 
cho, where the Nile, having traversed a long and rugged cliain of 
mountains, throws itself down to a considerable depth in i wide 
precipitous sheet, and forms the cataract of Jan Adel at Janadil^ 
constituting the !»eventh fall in its regular course. But that which> 
by way of eminence, b called the Cataract of the If tie, occurs in 
a different country and a very diflerent part of the river, at tba 
iritlage of Atalata, near Darn. It constitutes the eightb cataract^ 
and is thus described by Mr. Bruce : 

Our horses were immediately fed ; bread, honey, and butter 
served : Ali had no occasion to cry. Drink ; it went about plentL 
'folly, and I would stay no longer, but mounted my horse, thiuking 
every minute that i tarried might be better spent at the cataract* 
The first thing they carried us to was the bridge, which conusts of 
one arch, of about twenty.five feet broad, the extremities of which 
were strongly let into, and rested on, the solid rock on both sides; 
but fragments of the parapets remained, and the bridge itself seemed 
to bear the appearance of fr^uent repairs, and many attempts to 
rnin it; otherwise, in its construction, it was exceedingly commoi. 
dious. The Nile here is confined between two rocks, and runs in a 
deep trough, with great roaring and unpetuous velocity. We were 
told nti crocodiles were ever seen so high, and dkre obliged to ra- 
it the stream abate half a mile betbra we eame to the cataract 
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throngb trees and bushes of tkt same beautiful and delightful ap. 
pearance with those we had seen near Dara. 

The cataract itself was the most magoiliceot sight that ever I be- 
held. The height has been rather exaggerated. Hie missionaries 
say, the fail b about sixteen ells, or tit)y feet. The measuring is, 
indeed, very difficult ; but^ by the position of long sticks, and poles 
of different lengths, at different heights of the rock, from the water's 
edge, 1 may venture to say, that it u nearer forty feet tiian any 
other measure* The river had been considerably increased by 
lains, and fell in one slieet of water, without any interval, above half 
an English mile in breadth, with a force and noi>e that was truly 
terrible, and which stunned me. for a time, perfectly dizzy. A thick 
fnme, or haze, covered the fall all round, and Imiig over the course 
of the stream both above and below, marking \U track, though tht 
water was not seen. The river, though swelled with rain, pre* 
aerved its natural clearness, and fell, as far as 1 discern, into a deep 
pool, or bason, in the solid rock, which was full, and in twenty dii* 
ferent eddies to the very foot of the precipice ; the stream, when it 
fell, seeming part of it to run back with great fury upon the rock, as 
well as forward in the line of its course, raisiug a wave, or violent 
ebullition, by chafiiiig against each other. 

Jerome Lobo pretends, that he has sat under the curve, or arch, 
made by the projectile force of the water rusliiiig over the preci|nce. 
He says he sat calmly at the foot of it, and looking through the 
curve of the stream, as it was falling, saw a number of rainbows of 
inconceivable beauty in thb extraordinary prism. This, however, 
1, without hesitation, aver to be a downright falsehood. A deep 
pool of water, as 1 mentioned, reaches to the very foot of the rock, 
and is m perpetual agitation. Now, allowing that there was a seat, 
4>r bench, which there u not, in the middle of the pool, I do believe 
it absolutely impossible, by any exertion of human strength, to have 
arrived at it. Although a ver^ robust man, in the prime and vigour 
of life, and a hardy, practised, indefatigable swimmer, I am per- 
fectly confident 1 could not have got to that seat from the shore 
through the quietest part of that bason. And, supposing the Iriar 
placed in his imaginary seat, under the curve of that immense arch 
of wat< r, lie must have had a portion of firmness, more than falls to 
the sliare of ordAary men, and which is not hkely to be acquured in 
.a monastic life, to phikisopliise upon optics in such a situation, wheae 
every thmg would seem, to his dazzled eyes, to be m motion, and 



the ftreann in a ooiie like the loudest thunder, to make the solid 
rock (at least as to sense) shake to its very fouodatioo, and threaten 
to tear every nerve to pieces, and to deprive one of other senses be- 
tides that of hearing. It was a most magnificent sight, that ages, 
added to the greatest length of human life, would not efiace or era- 
dicate from my memory ; it struck me with a kind of stupor, and a 
total oblivion of where I was, and of every other sublunary concern. 
It was one of the most magnificent, stupendous sights in the crea^ 
tienj though degraded and vilified by the lies of a grovelling fa* 
natic priest. 

I was awakened from one of the most profound reveries that ever 
I fell into, by Mahomet, and by my friend Drink, who now put t» 
me a thousand impertinent questions* It was after this I measured 
the fall, and believe, within a few feet, it was the height I have 
mentioned ; but I confess I could at no lime in my life less promise 
upon precbien ; my reflection was suspended, or subdued ; and, 
while in sight of the fall, I tiiink I was under a temporary aliena* 
tion of mind ; it seemed to me as if one element had broke loose 
from, and become superior to, all laws of subtirdination ; that the 
fountains of the great deep were again extraordmarily opened, and 
the destruction of a world was once more begun by the agency of 

water. 

[Bruce's Travels j Vol. V. 8«p. 

5. Falls of the River Niagara^ drawn up from M, Borassazo^s 
Account. By the Hon. Paul Dudley^ F.R.S. 

The falls of Niagara arc formed by a vast ledge or precipice of 
solid rock, lying across the whole breadth of the river, a little 
before it empties itself into, or forms the lake Ontario. 

M. Borassaw says, that in spring 1722, the governor of Canada 
ordered his own son, with three other officers, to survey the 
ISidgara, and take the exact height of the cataract, which they ac- 
cordingly did witli a stone of half a hundred weight, and a large 
cod-line, and found it on a perpendicular no more than 26 fathoms, 
vingt et six brass. 

This differs very much from the account Father Hennepin has 
given of that cataract ; for he makes it 100 fatlioms, and our 
modem maps from him, as I suppose, mark it at 600 feet ; but 
1 believe Hennepm never measured it, and th^ is no guessing at 
such things. 
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When I objected Heooepin's account of those falls to. M. 
BoraasaWy lie replied, that accordingly every body had depended on 
it as right, until the late survey. On further discourse he ackuoiv« 
ledged, that below the cataract, for a great way, theie were 
numbers of small ledges or stairs across the river, that lowered it ' 
•till more and more, till you come to a level ; so that if all the 
descents be put together, he does not know but tlie diflereuce of 
the water above the falls and the level below, may come up to 
iather Hennepin ; but the strict and proper cataract on a perpen. 
dfcular is no more than 26 fathoms, or 156 feet, which yet is a 
prodigious thing, and what the world I suppose cannot parallel, 
considering the siae of the river, being near a quarter of an 
English mile broad, and very deep water* 

Several other things M. Borassaw set me right in, as to the falls 
of the Niagara. Particularly it has been said, that the catanct 
makes such a prodigious noise, that people cannot hear each other 
apeak at some miles distances ; whereas he atfirnis, that you may 
converse together close by it. I have. also heard it positively 
asserted, that the shoot of the river, when it comes to the precipice^ 
was with such force, that men and horse might march under the 
body of the river without being whet ; this also he utterly denies, 
and says, the water falls in a manner right down* 

What he observed farther to me was, that the mist or shower 
which the falls piake, is so extraordinary, as to be seea at five 
leagues distance, and rises as high as the common clouds. lu this 
brume or cloud, when the sun shines, you have always a glorious 
rahibow* That the river itself, which is there called the river 
Niagara, is much narrower at the falls than either above or below; 
ami that from below there is no coming nearer the falls by wafer 
than about six English miles, the torrent is so rapid, and havhig such 
terrible whirlpools. 

He confirms Father Hennepin's and Mr. Kelug's account of the 
large trouts of those lakes, and solemnly athrmed there was one 
taken l-^ltly, that weighed 861b. which 1 am the rather iHclined 
to believe, on the general rule, that fish are according to the 
waters. To confirm which, a very worthy mioi:>ter alfirmed, that he 
saw a pike taken in Canada river, and carried on a pole between 
two men, that measured five feet ten inches in lengthy and pro* 
))orlionably thicks 



T a^^TKlf nw t cattiract, three leagues above Albany, ui tbe pro- 
vince of New York, on Scbenectada river, called t[ie Colioes, wbich 
they connt much of there, ami ^et it is not above 40 or 50 feet 
perpendicular. From these falls also there ri^ics a misty cloud, 
wbkh descends like small rain, which, when the sua shines gives a 
handsome small rdiubow, that moves as you move, according to tbe 
angle of vision. The river al the Cohoes is 40 or 50 rods broad« 
but then it is very shallow water,- for in a dry season the whole 
river runs in a channel of not more than 15 feet wide. 

In my journey to Albany, 20 miles to the eastward of Uudaon'a 
river, near the middle of a long rising hill, I met with a brisk Dokj 
brook, sufficient to serve a water-mill; and having observed 
Aothuig of it at the.beginning of the hill« I turned about, and 
followed the coarse of tlie brook, till at length I found it come to «a 
-end, being absorbed, and sinking into the ground, thence either 
passing through subterraneous passages, or soaked up by the sand ; 
aiKl though it be common in other parts of the world for brooks 
and even rivers thus to be lost, yet this is the first of the sort I 
bave heard ot^ or met with, in this country. 

IPhil. Trans. 17n. 

The Fail of F^ers. 

The fall of Fyers, is a vast cataract, in a darksome glen of a sto* 
pendous depth ; the water darts far beneath the top through a 
narrow gap between two rocks, then precipitates above forty feet 
lower into the bottom of the chasm, and the foam, like a great 
cloud of smoke, rises and fills the air. The sides of this glen are 
vast precipices mixed with trees over-hanging the water, through 
which, after a short sj)ace, the waters discharge themselves into the 

lake. 

About half a mile south of the first fall is another passuig through 
a narrow chasm, whose sides it has undermined for a considerable 
way : over the gap is a true Alpine bridge of the bodies of trees 
covered with sods, from whose middle is an aweful view of the 
water roaring beneath. 

At the fall of Foher the road quits the side of the lake, and is 
jcarried for some space through a small vale on the side of the river 
Fyers, where is a mixture of small plains of corn and rocky hills. 



tlA srRiirati miTixf> cfANALSi lakb% 

Then snecceds a long and dreary moor, a tedious aeoent up the 
Moontiiin See-cbuimio or Cunnnin's seat, whoae summit is of a 
great height and very craggy. Desceud a steep road, leave on the 
sight Loch-Taarfj a small irregular piece of water, decked with 
little woody isles, aud abounding with Char. After a second steep 
descent, reach Fort Augustus *, a small fortress, seated on a phiin 
at the head of Loch-Ness, between the rivers Tkarf and Oich ; the 
last is considerable, and has over it a bridge of three arches. The 
fort consists of four bastiohs ; within is the governor's house» and 
barracks for 400 men: it was taken by the rebels in 1746, who 
fomiediately deserte<l it, after demolishing what they could. 

Lock* Ness is tweuty-two miles in length ; the breadth from one 
to two miles, except near Castle Urquhart, where it swells out to 
three. The depth is very great ; opposite to the rock called the 
Horse*iho€j near the west end,' it has been found to be 140 fii^ 
thorns. From an eminence near the fort is a full view of its whole 
patent, for it is perfectly strait, running from east to west, with a 
point to the south. The boundary from the fall of Fyres is very 
steep and rocky, which obliged General Wade to make that deiomr 
flfom its banks, part on account of the expense in cutting through so 
much solid rock, partly through an apprehension that in case of a 
rebellion the troops might be destroyed in their inarcJi| by the 
tunibiing down of stones by the enemy from above : besides this, 
a prodigious arch must have been flung over the Glen of F>ers. 

Thb lake, by reason of its great deptli, never freezes, aud dur* 
lug cold weather a violent steam rises from it as from a furnace. 
Ice brought from other parts, and put into Loch-Ness, instantly 
thaws ; but no water freezes sooner than that of the lake when 
brought into a house. lu water is esteemed very salubrious ; so 
that people come or send thirty miles for it : old Lord Lovat in 
particular made constant use of it. But it is certain, whether it be 
owing to the water, or to the air of that neighbourhood, that for 
seven years the garrison of Fort Augustus had not lost a single man. 

The fish of this lake are salmon, which are in season from 
Christmas to Midsummer, trouts of about 2lb. weight, pikes aud 
eels. During winter it is frequented by swans and other wild fowls« 

* Its Ene name it Kilrchuimin^ or (he buriaUpIare of the Cummiiift. It 
lies on the road to (he isle of Skie, which is abou( 59 miles off ; but oo thf 
whole way there is not a place fi( for the receptioo of man or horse. 



' The gfettest nse of water in Loch-Ness b fonrteen feet The 
hikes from whence it receives its supplies are Loch.Oich, Loch- 
Oarrie, and Loch.Quich, There is but very littie navigation on ft ; 
the only vessel is a gaily belonging to the fort, to bring the stores 
fVom the east end, the river Ness being too shallow for navigation. 

It is violently agitated by the winds, and al times the waves are 
quite mountainous. November 1, 17^5, at tlie same time as the 
earthquake at Lisbon, these waters were affected in a very extraor* 
dinary manner : they rose and flowed up the lake from east to 
west with vast impetuosity, and were carried above 200 yards up 
the river Oich, brea king on its banks in a wave near three feet 
liigh ; then continued ebbing and flowing for the space of an hour: 
but at eleven o'clock a wave greater than any of the rest came up 
the riverj broke on the north side, and overflowed the bank fiir 
the extent of 30 feet. A boat near the Geiierars Hut, loaden with 
brush.wood, was thrice driven ashore, and twice carried back 
again ; but the last time, the rudder was broken, the wood forced 
out, and the boat filled with water and left on shore. At tlie same 
time, a little isle, in a small loch in Badenoch, was totally re. 
versed and flung on the beach. But at both these places no agita* 
tion was felt on land. 

[Pennant^i Tour in Scotiand.J 

4. Brief Survey of other remarkable Cataracti. 

Thb bold and precipitous country of the Alps offers us a variety 
of waterfalls aud perpendicular torrents that are well worthy of 
notice ; and especially those about Mount Rosa, a northern boun. 
dary of Piedmont, and probably the Mons Sylvius of the ancients. 
Thus the river Oreo, ted by numerous streams from St. Oothard, 
Mount Cenis, and some branches of the Appennines, forms at Ce« 
lesoli a vertical cascade computed at 400 fathoms, or 2,400 feet : 
while the torrent Evaiison, dt^scending from another part of Mount 
Rosa, exhibits, about half a mile from Veniez, a full of more than 
900 fathoms, and rolls down pei^bles of quartz, veined with the 
gold that is occasionally traceil in the mountains of Glial land. 

The Caseata del Martnore, or Marble Cascade^ so denomu 
nated from the mountain down which the Velcino falls, bring almost 
wholly of marble, lies about three miles from Terni, and the rotd 
to it, part of which ii cut m the rock m the side of the mounUiu, 
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b Without rails* and very slippeiy» ami coosequeDlly very dmge. 
vous to nieo and horses. The traveller is struck with terror on 
viewing the precipices, which are of romantic height ; but is siifi- 
ciently rewarded* when, on reaching the lop of tiie mountain, be 
views the stupendous cataract formed by the Velcuio as it rushes 
fiom the mountain. 

The riverj atter running some miles with a gentle coune, reached 
the declivity of its channel^ which b shaded with many massy trees^ 
covered with perpetual verdure, as are the mountains by which it is 
surrounded Tiie waters afterward descend with a rapid coui»c for 
a short space, and then fall from a perpendicular height of three 
hundred feet, breaking against lateral rocks, which caurie vapoois 
to ascend much higher than the summit of the cataract, by which 
the neighbouring valley receives a perpetual fall of rain. After 
this descent, the waters rii^h into the cavities of the rocks* and 
then bursting through several openings, at length arrive at the 
bed of the river. 

In Savoy, the Arvo runs for many miles between high, craggy, 
and inaccessible rocks, which seem as if spht on purpose to give its 
.npid waters a free passage. The surprising echoes and continual 
sounds occasioned by its streams, the trampling of the horses and 
mules, the hallowing of passengers, 6cc. in those places, are rever- 
berated three, four, and even in some parts six or seven times, 
with a noise so deep and uihl, as to strike the traveller, unaccus- 
tomed to them, with terror; and the firing of a gun or pi&tol, u 
here more terrible than the loudest claps of thunder. The roads 
which are cut along the sides of the steep, and in many places are 
not above five or six feet wide, afibrd, both above and below, the 
dreadful prospect of a steep precipice, with iuipenduig, monstrous 
rocks, that seem just ready to fail; which, joined to the roaring 
of the river, addslargi-Iy to the general sublimity* The cataracts 
of this river hi several places are more or less loud and terrible, 
according as the waters are more or Irss swelled by the melting 
snows, with which the tops of the mountains are covered- One io 
particular, called by the inhabitauts the Nun of Arpena, falls 
from a prodigious high rock with great noise and violence ; and its 
fail is said to be above eleven hundred feet. Over this river, tra- 
vellers are obliged to pass seven or eight times by bridges, some of 
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wlikb are verf strong and beautiibl, and others so old and crazy,' 
that it IS almost impossible to cross them without danger. 

On the north-eastern coast of the Adriatic Sea, in Dalmatia, the , 
river Cettina forms a magnificent cascade^ called by the natives/ 
Velica GubavizOf to distinguish it (roni a less fall a little be1o\r. 
The Abb^ Fortis is almost the only traveller who speaks of this 
natural cnriosiiy, and to enable himself to do it he was obliged to 
creepy and sometimes to leap from one rock to another, in order 
to arrive at the station where he could obtam a full view of it« 
Notwithstanding *the difficulty of access, here, he says, the shep. 
herds, with their leathern flasks full of water, climb with surprising 
dexterity from the bottom of the abysses to the level tops of the 
hills, where their thirsty flocks feed. If any of them miss a step^ 
they must inevitably fall, and become food for the vultures ; but 
such accidents rarely happen. The waters precipitate thentseivet 
from a height of above one hundred and fifty feet, forming a deep 
majestic sound, which is heightened by the echo resounding be. 

, tween the steep and naked marble banj&s. Many broken fragments 
of rocks, which impede the course of the river after its fall, break 
the waves, and render them still more lofty and sounding ; their 
froth, by the violence of the repeitussion, flies off iu small white 
particles, and is raised in successive clouds, which, by the agitated' 
air, are scattered over the moist valley, where the rays of the sun 
seldom penetrate to rarefy them. When tliese clouds ascend di« 
rectly upward, tlie inhabitants expect the noxious south-east wmd, 
which the Abb6 styles ** the sciocco,** and their presage seldom 
fails. Two huge pilasters stand, as if for a guard, where tlie river 
takes its fall ; one of which is joined to the craggy brink, having 
its top covered with earth, and adorned with trees and grass ; the 
other is of marble, bare and insulated. 

Ahout a league from Schaflliausen, at LanfTen, in Swisserland. 
h a tremendous cataract on the Rhine, wliere the river precipitates 
itfielf from a rock said to be seventy feet high, and ninety paces in 
breadth. 

Near the city of Gottenburgh^ or Oothehurp, in Sweden, tfie 
fiver Ootha rushes down from a prodigious liigh precipice into a 
deep pit, with a terrible noise, and such vast force, thut the trees 
desi^rned for the masts of shi|»s, which are floated down the river. 

- are usually turned upside down in their fall^ and are frequently 
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•hatter€d to pieces. They frequently dive so far underwater, as to 
disappear for a quarter of an hour, half an hour, and sometimes 
three quarters of an hour. The pit into which the torrent preci- 
]Ntates them, is of a depth not to be ascertained, having been 
sounded with a line of several hundred fathoms, without reaching 
the bottom *• 

In Norway, from the multitude of springs that issue from its 
lofty mountains, and the vast masses of snow accumulated on their 
summits, which gently dissolve in summer, are formed many lakes, 
in some of which are floating islands, and a considerable mimber of 
rivers, the largest of which is Ihe Glommen or Glamer; but none 
of them are navigable far up the country, the passage being efery 
where interrupted by rocks, and in some places by dreadful cata. 
nets, in which the stream precipitates itself from the height of forty, 
fifty, and even a hundred fathoms. The bridges over these ri« 
vers are not walled, but formed of timber cases filled with stones, 
which serve for the piers ou which the wooden-work is laid. The 
largest bridge of this kind has forty-three stone cases, and is a 
hundred paces in length. In those places where the narrowness 
and rapidity of the current will not admit of sinking such cases, 
thick masts a^e laid on each side of the shores, with the largest 
end fastened to the rocks ; one mast being thus laid in the water, 
anotlier is placed upon it, reaching a fathom beyond it, and tiieo 
a third or fourth in like manner to the middle of the stream, where 
it is joined by other connected masts from the opposite side. Thus 
in passing over the bridge, especially in the middle, it seems to 
swing, which, to those who are not used to such contrivances, ap> 
pears extremely dangerous ; so that, filled with terror, passengeis 
alight from their horses, and lead them over. 

In England, in the county of Devon, the Tamar receives a small 
river called the Lid, which is peculiarly remarkable for being pent 
up with rocks at the bridge, and running so far below it, that the 
water is scarcely to be seen, or the murmurs of it to be heard, to 
the astonishment of all strangers who have the curiosity to attend to 
these uncommon circumstances ; for the bridge is level with tlie 
road, and the water runs nearly seventy feet below it. 

Within a mile of this place is a cataract, where the water falls 



• See Mr. Gordon's account of this curious waterftll. Ph. Trans, for 1700. 
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above a hundred feet ; it comes from a mill at tome dulancej and 
afVer a course upou a descent of near an hundred feet from the level 
of the mill, it arrives at the brink of the precipice, whence it Mb 
in a beautiful manner, and striking u|)on a part of the cliff, rushes 
from it ID a wilier cataract to the bottom, where falling with great 
violence, it makes a deep and foaming bason in the ground. This 
wonderful fall of water causes the surrounding air at the bottom to 
be to impregnated with aqueous particles, that a persou approach* 
ing it finds himself in a mist. 

In the vale of Kingsdale, on the western extremity of Yorksliirey 
b Yordas cave, which presents a subterraneous cascade; this cave 
b about fifty yards in length. But the most noted is Wethercot 
cave, not fiir from Ingleton. It is surrounded with trees and 
shrubs* in form like a lozenge, divided by an arch of Iime-stone» 
passing under which you behold a large cascade, falling from a 
height of more than twenty }-ards % the length of this cave is about 
sixty yards, the breadth thirty. This targe limestone base of In- 
gleborough b perforated in all directions like a honeycomb. It b 
the river Wease« or Greta, which pervades the cave at Wethercot^ 
and another at Gatekirk^ and runs not less than two miles under* 
ground. This stream must not be confounded with the Greta, 
which falls info the Tees near Barnard-ca&tie, and rises near 
Brough, in Slanniore ; two rivers, the Ouse and the Swale, nm* 
uing betwixt them. Among other curiosities ui this neighbourhood, 
must not l>e omitted Hurtlepot, a round deep cavity, near forty 
yards in dbmeter, almost surrounded with rocks, about thirty feet 
perpendicular, above its black waters, while the overbranching 
trees increase the horrors of the scene. Not far to the south-east, 
b a lake called Malliam Tarn, of clear and very cold water, abound* 
ing in trout. This is the source of the river Aire, which runt 
about a mile under.ground ; and near it b Malham cove, a kind 
of amphitheatre, of smooth perpendicular limestone, about 280 
feet high in the centre. The river Ribble, near its origin in these 
parts, also sinks into a deep cavern ; and silently pervades the 
mountains for about three miles* Near Settle, at the bottom of 
some calcareous rocks, b one of the most remarkable ebbing and 
flowing wells in tlie kingdom. 

Mr. Housmau also gives a good account of these curiosities, he 
observes, p. 26, that rocks are in Cumberland called Linnf, 
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(wbcnccTthe name is in Scotland applied to a cataract) ; and Sonr 
Milk ^ojrce» near the bottom of Bultcrmcre lake, is 8iippi>sed to 
fall upwards of 500 yards. A curious cave was lately disco vered» 
p. 83, by miners near Crossfell, said to be two miles in length, and 
full of splendid spars. Gordale Scarr, p. 199, near Malham cove, 
is a dreadful rent through high rocks, worthy of the attention of a 
curious traveller. 

The cataracts in Cumberland are rivalled by a remarkable fall of 
the Tees, on the west of the county of Durham, over which is a 
bridge suspended by chains, seldom passed but by the adventurous 
tuioersj nor must Asgarth force, in Yorkshire, be passed in 
silence. 

fn Perthshire is one of the most considerable cataracts in all Scot* 
land : it is on the river Keith, which is famous for its salmon- 
fishery, and is near the Blair of Dromond ; the violent noise 
produced from this full of water is such, as to stun those who ap. 
proach it. 

The western coast of* Ross.shirc, is prcnliarly distinguished by 
natural curiosities of this and similar kinds ; especially by 
the grand cataract of Kirkag river, and the cave of Gande- 
M AN, near Assynt point. The cascade of C LAM MA, in the heights 
of Glen Elchait^, is truly sublime, amidst the coustant darkness of 
hills and woods. Ben Nevis will, of course, attract notice from 
its singular form and elevation. According to Mr. Williams, it 
consists of one solid ni:iss of red pranite, which he traced at the 
base for four miles along the course of a livulet on the east ; the 
hei|^lit of this niHss he conipute!^ at 3000 feet, and above it are 
stratified rocks, the nature of which he does not explain : but, he 
says, that those on the summit are so hard and tough, that wrought 
iron falls short of tlicm. The stupendous precipice, on tJie north- 
cast side, rxhilntsal most an entire section of the mountain. In 
Arg^leshire, the marine cataract of Loch £tif, the beautiful lake 
of Awe, and environs of Inverary, present the chief objects of 
curiositv. 

The Shannon, which is the lar!»est river in Ireland, offers a 
prodigious cataract. It rises in the county of I^itrim, in the pro* 
\inre #,f Connun^srlit, which it divides from Leinster and Munster, 
and running from mtrth to south, after forming several lakes, turns 
to the west, and falU into the Atlantic Ocian, after a course of one 
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hundred and forty«fiye miles. This river is in. most parts wide and 
deep» and bas within it -several fine and fruitful islands, with a 
fertile soil on both its banks : but it is not navigable above fifty 
miles for ship^, on account of its cataract. 

At Powerscourt we also meet with a noble cataract, where the 
water is said, but probably with much exaggeration, to fall three 
hundred feet perpendicular, which is a greater descent than that of 
any other cataract in any part of the world. 

North Ambrica in its lakes and cataracts sarpaases all other 
parts of the world. That of Niagara we have already mentioned. 

The Palls of St. Anthony, on the river Mississippi, in latU 
tnde 44^ 30^ north, descend from a perpendicular height of thirty 
feet, and are upward of two hundred and fifty yards wide, whilst 
the sliore on each side is a level flat, without any mterveniDg rock 
or precipice. 

There are no remarkable rivers that extend far i to the state of 
New Jersey; but that named Passaiekj or Pataicy which dis- 
charges itself into the sea to the northward of it, has a remarkable 
cataract, about twenty miles from its mouth/ where it b about 
forty yards broad, and runs with a very swift current, till arriving 
at a deep chasm or cleft, which crosses the channel, it falls aboat 
leventy feet perpendicular in one entire sheet. One end of the 
cliff is closed up, and the water rushes out at the other with indC 
dible rapidity, in an acute angle, to its former direction, and is 
received into a lar^e bason. Thence it takes a winding course 
throogh the rocks, and spreads again iuto a very considerable 
channel. The cleft is from four to twelve feet broad. When Mr. 
Bamaby saw it, the spray formed two beautiful rainbows, a pri- 
mary and secondary, which greatly assisted in producing as fine a 
lecne as imagination can conceive. This extraordinary plimo- 
menon is supposed to have been produced by an earthquake. 
What greatly heightens thn scene, is another fall, though of leas 
magnificence, about thirty yards above. 
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SBCTION X* 

LakeSy Lockiy and Loughim 

1. Introductory Remarks. 

Thbsb tcniis are KyDQii>inous» or niflier^ perhaps, may be vt* 
gardcd by the etymologist as universal ; for the lough of Ireland is 
the hth of Scotland, and both are the lake of England ; each teis 
befog derived from the Latin /«cif#» or the Greek- Aonxof, of sw> 
hr import, aod varied in its orthography and pronunciatiou by a 
aseris provincial distinction* 

Lakes or knigbs have a very close annexion with begs,, as these lail 
have with moors or mosses \ a bog or moss being little more tbn a 
lake loaded with vegetable matter, usually of aquatic origin *• This 
eBBnexioBb weH pointed out by Mr. W. King in the followiag ar. 
tick, ehiefly devoted to the loughs of Irekind ; and which we take 
from the Philosophical Transactions. 

As to tlie origin of liogs, it is to be observed| that there are 
few places in omr aorthem world but have been noted fa 
them, as well as Ireland; every barbarous iiUinhabited connti} 
has fhem. — I take the loca palnstria, or paludes, to bt the vciy 
Mie i^e call bogs, the ancient Gauls^ Germans^ and Arilom* 
retiring, when beaten, to the paludes, is just what we liave ex* 
perienced in the Irish, afcid we shall find those places in Italy that 
were barbarous, such as Liguria, w^re infested with them, so that 
tlie true cause of them seems to be the want of industry. To show 
thb, we are to consider, that Ireland abounds in springs ; that these 
springs arc mostly dry in the summer, aud the grass and weeds 
grow thick about those places. In the winter they swell and nnw 
and sofken and loosen all the earth about them. Now that swcid 
or surface of the earth, which consists of the roots of grass, bciig 
lifted up and made fuaiy or spongy by the water in tbe winter, ii 
dried in tlie spring, and does not ^l together, but wither in a tail, 
and new grass spring through it, which the next wiuter is agiia 
lifted up ; and thus the spring b Ktill more and more stopped, and 
the swerd grows thicker and thicker, till at first it makes what ii 
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• For bof^ moon, aod Uir production of peat,. ice chap . axTi« of ti|e pie* 
Srnt part of oar work* 
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tailed a quaking bog, and as it rbies and beconM drier, and the 
grass roofs and other Tegetables become more putrid, together with 
the mud and slime of the water, it acquires a bhiclcness, and becomes 
what is called a turf bog. I believe when the vegetables rot, the 
aalme fiarticlesare generally carried away with the water, in which they 
ire dissolved ; but the oily or sulpliureous remahi and float on the 
water; and this is that which gives turf its hi6aromability. To make 
this apppar, it is to be observed, that in Ireland the highest monn« 
tains are covered with bogs as well as the plains, because the 
mountains at>ound much in springs. Now these being nninbabited, 
and no care being taken to clear the springs, whole mountains are 
thus over-run with bogs. 

It is to be observed also, that Ireland at>ouDds in moss more tbafi 
probably any otiier country, insomuch that it is very apt to spoil 
fruit-trees and quicksets. Tlib moss is of divers kinds, and that 
which grows in bogs is remarkable ; for the light spongy turf is 
nothing but a congeries of the threads of this moss, before it be 
tofliciently rotten ; and then the turf looks white, and is light. It 
h seen in such quantilies and is so tough, that tlie turf.iSpidet can- 
not cut it.— In the north of Ireland they call it old-wives tow, fs It 
is not much unlike flax ; the turf-holes in time grow up with it again^ 
as well as all the little gutters in the bogs; and to it the red or torf- 
bog is pmbably owing ; and from it even the hardened turf, when 
broken, u stringy, though there plainly appear in it parts of other 
vegetables ; and it is probably that the • seed of thb t>og moss, 
when it falls on dry and parched ground, produces heath. 

It is further to be observed, that the t>ottom of bogs is generally 
H kind of white clay, or rather saudy marl; that a littte water 
makes it exceedmgly soft ; and when dryj it is all dust ; so that tite 
foots of the grafts do not stick fast iti it; but a little, wet locMMs 
them, and the water easily gets in between the surface of the eartlp 
and them, and lifts up the surface, as a dropsy doth the skin« 
Again, bogs are generally higher than the land about them, and 
highest in the middle ; the diief springs that cause them being conu 
BUHily about the middle, (torn wlience they dilate themselves by 
degrees ; and besides if a deep trench be cut through a bog, you 
wili find the original spring, and vast quantities of water will be 
iKscbarged, and the bog subside. 

it must be allowed that there art quaking bogs otherwise pt0« 
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flured. When t itrrani or iprtng rans Hirougii t flat, it fills 
Wtfcds in BttDimery and trees ftili acrosn and dam it up ; then ia 
winter tlie water stagnates more and more every ^ear, till the whc^ 
flat is covered ; then there grows up a coarse kind of graas peculiar 
to these bogs; this Krass grows in tufts* and their roots consolidate 
together, and yearly grow hii*her, cren to the height of a man ; tiic 
grass rots in winter, and fall on Uie tufts, and I he seed with it, which 
springs up neit year, and so still makes an addition; soiuclinics the 
tops of flags and grass an interwoven on the surfoce of the water, 
and thh graihwlly becomes thicker, till it lie like a eover on tht 
water ; then herlis take root in it, and by a plexus of the raoti 
it becomes very strong, so as to bear a man» Some of these bogs 
will rise before and behind, and sink where a man stands to a eon* 
siderable depth ; underneath is clear water: even these in lime will 
become red l>ogs; but may easily be turned into meadow by dcaa* 
ing a trench to let the water run off*. 

The inconveniences of these bogs are very great ; a consideiabk 
part of the kmgdom bcmg rendered useless by them ; tbcy http 
people at a distance from each other, and consequently intenapC 
them in their aflairs. Genendly, the land which abould be oar 
meadows, and the finest plains are covered with bogs; this » ok* 
servnl over all Counaught, hut more especially in Loogfimf and 
also in Westmeath, and in the north of Ireland. Tliese bogs greatly 
obstruct the passing from place to place; and on this account the 
roadsarevery crooked,orthey areuiadeat vast expense tlirougli bngs. 
Tfie bogs are a great destruction to cattle, the chief commodity of Ik- 
laud ; for in the spring, when they are weak and hungry, the edges 
of the bogs have commonly grass, and the cattle venturing in to get 
it, fall into pits or sloughs, and are either drowned or hurt in the 
pulling out ; the number of cattle lost this way is incredibk. The 
bogs are a shelter and refuge to outlaws and thieves. 

The fogs and vapours that arise from them are commonly potiid 
and stinking, and unwholesome : for the rain that falls on then viH 
not sink, there being hardly any substance of its softness more m 
penetrable to rain than turf, and therefore rain-water stands oa 
theni^ and in their pits, where it corrupts, aud is exhaled all by tk 
84m, very little of it running away, which must of necessity nfcct 
the air. The bogs also corrupt the water, both at to its colour w^ 
taste I for the colour of the water that stands in the ptts^ or lies sa 
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llieBurfrceof the bogs, 19 tinctured by the reddbli black, oolour of 
the turf; and wlien a siiower couies that makeit tliese |iits overflow, 
the water that runs over tinctures aU it anisetSy and gives both its 
colour and stink t«. niaov of the rivers. 

The nutives however had formerly soine advantagt^ from tlie 
wooda and bogs ; a-s bv them they were preserved from the couquest 
of the English ; and proiiably a little remembrance of this makes 
them stiU build near tliem : it was then an advantage to them to 
kavc tlieir country impa%sab)e, and the fewer strangers came 4iear 
them, tliey Imd the easier; for they had no inns, every bouse 
wliere you came was }our inn ; and you said no more» but put off 
your brogues ami sat down by the fire; and still the natural Irish 
bate to mend liigluways, aiKl will often shut them op, and 
change them, being tinwiiling strangers sh<»uld come and burthen 
them. Tliough they are very inconvenient, yet they are of some 
use ; for most persons have their fuel from them. Turf is ac- 
counted a tolerably sweet fire ; and having very impoliticly de. 
stro)ed our wood, and not as yet found stone coal, except hi few 
phices, we couhl hardly live without some bogs ; when tlie turf is 
charre^i, it serves to work iron, and even to make it a blooniery or 
irou-work : turf charred I reckon the sweetest and wholesomest tire 
that can be ; fitter for a chamber, and for consumptive people, than 
citlicr wood, stone coal, or charcoal. 

Turf-bogs preserve things a long time : a corpse will lie entiie in 
one for several years ; also trees are found sound and entire in them, 
and even birch and alder that are very subject to rot ; such trees 
bum very well, and serve for torches in the night. 

All the inconveniences of the bogs may be remedied, and may be 
made useful by drauiiug them ; and all or most of them have a su^ 
ficient fail for that pur|M>se. The great objection agamst them is 
the expenoe, and it is commonly thought that it would cost much 
more than would purchase an equal piece of good ground ; for an 
acre of good land m most parts of Ireland is about four shillings per 
annum, and the purchase fourteen or fifteen y<*ars, so that three 
pounds will purchase an acre of good land ; and it is very doubtful 
whether that sum will reduce a bog ; but this is far from the fact» 
as most bogs would well reward the expense of drahiing them.'^ 

As to loughs or hikes, the natural improvement of themy is tirst to 
dtaui them as low as possible; and then turn the residue of the wa« 
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tar into 6«li*poDds| b> plunting a few treies about them, they may 
be made both useful and ornameDtal. Aa to those places railed 
tiirlougbsy quan terreni lacus^ or Unil-lakes; they anM\fr the 
name very well, bein<» lakes one f>art of the year of considerable 
depth, and level smooth tields the rest. There are holes iu these, 
out of which the water rises» in wiuter, and retires a^ain in summer; 
many hundred acres being drowneil by Ihem, and those the most 
pleasant and profitable land in the country : the soil b commonly a 
marlet which, by its stiffness, hinders the »ater from turning it into 
a bog ; and immediately when the water is gone, it hardens, and 
becomes an even grassy' fieki ; these, if they could be drained, would 
be fit for any uiie ; they would make meailow | or bear any graioj 
but especially rape, which is very profitable. Tlie lakes are cliiefly 
in Connangbt ; and their cause is obvious enough, it beio|j[ a stony 
UUy country; these hills have cavities in tliein, throngb which the 
water paases : it ia common to have a rivulet sink ou one side of a 
bill, and rise a mile or half a mile from the place : the brooks are 
generally dry in summer ; the water sinking between the rocks, aad 
running under ground ; insomuch as that iu some placet wbcra they 
are overflowed in winter, they are forced in summer to send their 
cattle many miles for water. There is one place on a bill near 
Tuam, between two of these turloughs, i/^h^re there is a liili called 
tlie Devil's Mill, at which a great noise is heard, like that of water 
under a bridge : when there is a flood in winter, one of the tur« 
loughs overflow^ and vents itself into the hole, and the noise pro« 
bably proceeds from a subterraneous stream ; which in summer has 
room enough to vent all its water > but in winter, when rain falls, 
the passages between the rocks cannot discharge it, and tberetme it 
regurgitates and covers the flats. 

These turloughs are hard to drain ; being often encompassed witk 
hills, and then it is not to be accomplished : often they have a vent, 
by which they send out a considerable stream ; and then it is only 
making that passage as low as the bottom of the flat, and that will 
prevent tlie overflowing ; it sometimes happens that tlie flats are as 
low as the neighbouiiug rivulets, and probably they are filled by 
them ; and then it is not only necessary to make the passage fioai 
the flat to the rivulet, but also to sink the rivnkt, which is veiy 
troublesome, the passsge to be cot being commonly rocky, 

[PiU/. TVttir. Jkn l6B5.] 
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Quarters of the World. 

Tpis iiitfiesting branch of natural science extends so widely^ and 
is so caplivafiii:; from tbe beauty aiid variety of the features it nn* 
folds to IIS, that it is difficult to comprise the present division witbiii 
due boumls. We shall limit it» however, to those lakes which poi« 
iets somewhat of a general character, or at least whose charactev is 
not so prominent a« to be entitled to any peculiarity of delineation; 
and siuitt lesetve a few of those of this last description for another 
4ivision« 

Asia. 

fa describing the most remarkable lakes wliidi are found in tarions 
parts of tlie worid^we shall begin with that large body of urafer which 
is improperly called the Caspian Sba, as it has no visible connec- 
tion with the ocean, nor does it ebb and flow ; but it is undoubtedly 
the gnmtest hike in the eastern hemisphere of the globe. It is bonnded 
•n the north by the country of the Calmuc Taitars, on the east by 
Bacharia and part of Persia, on the south by another part of Per. 
sia, and on the west by Persia and Circassia. it is situated between 
S€^4Cf and 47"^ north latitude, and between 4J^ 5(/ and 60^ east 
longitude, and is about four hundred miles in length from north to 
southland three hundred in breadth from east to west ; but m many 
places it is much narrower. The water b salt ; and, at some dKs* 
tance from the shore, Mr. Hanway endeavoured m vain to find a 
bottom with a Ime of four hundred and fifty fathoms. TIm water Ims 
risen, within the last half century, so considerably, tliat it lias made 
great inroads on the Russian side for several miles, both to liie east 
and west of the Volga, and has rendered the atldacent countiyei,* 
tremdy marshy. 

The lake Baikal, hi Siberia, on the road between Moscow and 
China, u of great eitcnt from north to south, but narrow in breadth^ 
reaching from 51"^ to 55^ north latitude. It abounds with sturgeon, 
and that anphibions animal the seal. 

AffElCA. 

TuE take of Dambba, in Upper Ethiopia, is the only one worthy 
of notice in tbis arid and saady quarter of the world, and to called ^ 
tbe aativies tha sen of TWiia^ from the largest bland in it. Thb laka 
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has been con4idere(lastbe8ourceoftheNile»\^liicbflowsou(of it^as 
already meutioned. It contains about tweiity-oue inlands, Bruce says 
•level], some ofwliicli are very fertile, and are covered with gropes 
of orao|;e and citron trees, and in seven or ei<;bt of them )ire old 
monasteries, which appear to have been elegant structures. Its 
greatest extent, which is in the direction of north-east and sontb. 
west, has been computed to be abont ninety miles long and thirty, 
six broad ; but Mr. Bruce has reduced its greatest length to thirtj* 
five.miles» although on hb general map its extent is not three 
minutes short of a degree of latitude. 

EUUOPK. 

Thb principal lakes in the western part of the Rnsauin empire are 
the following : 

The Lake of Ladoga, situated between the gulf of Finland 
and the lake of Onega, one hundred and fifty miles in lengthy and 
ninety in breadth. It is esteemed the largest luke in Europe;, luid 
is supposed to exceed any other for its plenty of fislies, am<»g 
whicb are also seals. This lake is full of quicksands, which ■ being 
moved from place to place by the frequent storms to which it ii 
sulyect, form several shelves along its course, which oOeo prove 
£ital to the flat- bottomed vessels of the Russians. This induced 
Peter the Great to cau^e a canal, near seventy English miles in 
length, seventy feet in breadth, and ten or eleven deep, to be cut, at 
a vast expense, from the south-west extremity of this lake to the 
sea. This great work was begun m the year 1 7 18, and, though vi. 
gorously prosecuted, was not completed till the year 1732, in the 
reign of the Empress Anne. The canal has twenty.five sluices or 
locks, and several rivers run into it. At the distance of every werst 
along its hanks, is a pillar marked with the number of wcrsts; and 
it is the constant employment of a regiment of soldiers to keep the 
canal in repair ; for this purpose they are quartered in dift^nat 
places on its banks. In suumier time it is covered with floats and 
vessels, which pay toll in proportion to the value of their cargo. 

The lake of Onega is situated between the lake of Ladoga and 
the White Sea, and has a communication with the former by means 
of the river Swir. It is one hundred and eighty wersts in lengtii, 
and abont eighty in breadth ; and though its waters are fresh, seals 
art oAen seen in it. 

The lake of Pp. i pus, in livonia, is nearly seventy miles in length. 
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and abmit forty miles in breadtb. It abounds with fishes, and runi 
into the ^uil* of Finland by the river Narva. 

In Sweden Pro|)er,wliicb has many rivers, tliere are a still <rreater 
number of lakes. The principal of the latter is the lake of M aler^ 
which is Jiituated betueeii Upland, Sudcrmanland, and Westmau* 
land. It U seveiity*two niitt-s in length, fields great plenty of fishes, 
and is sai(i to contain twelve hundred and nioelv islands. It ha4 a 
communication with the sea thrrtugh the mouths of the noith 
ami suuth rivers, which enter it near Stockholm, and its banks are ' 
beautifully diversified with towns, castles, churches, noblemen*^ 
seats, and other edifices. 

Tliere are twenty-three Ifakes in East Gothland, the most remark, 
able of which is the WETTiiiR, ^hich extends ninety miles in length, 
and tifteen in breudth, and contains t^o or three islands. It has hut 
one outlet, which is by the river Moiala, though abo%e forty little 
streams discbarge themselves into it, I'his lake 'u* said to lie above 
a hundretl feet higher than either the Baltic or the North Sea, and is 
deep Kud clear, but very boisterous in \^ inter. Along the iMinks 
of the lake Wetter, are found agate, cornelians, touchstone, and 
rattle stone. 

The celebrated hike of Zirknizer in the Germanic province of 
Caniiola, we have already described*; it takes its name from the 
neighbouring market-town, and i:t cncori:|)assed with wild, rough, 
and stony mountains; but round it also lie two citadels, niue vil. 
lages, and twenty churches. 

The lake of Constance is one of the great boundaries which se. 
parate Swisserland from Germany ; the broadest part extends into 
Swbscrland, while that towards Germany divides itself into two 
arms, one of which is called the ZelierseCj or lake of Zell, and the 
other the Bodmen, Ueberlt'ngersee^ or lake of Ueherlingen. In the 
latter is the island of Meinau, which is about a mile in circumfe- 
cenoe, and not many years age belonged to the knights of the Teu- 
tonic order; in the former is the island of Rekhenau. The whole 
lake, froBi Bregentz to Zell, is also distinguished by two appella* 
tions ; the part from Bregentz to Constance being called the Upper 
Lake J and that from Constance to Zell the Lozcer Lake : Mr. 
Coxe calb it ** the Inferior Lake of Constance, or the Zeller See;" 
the extent of which from Stein to Constance, he says, is sixteen 



• See SccCiOD iv. 6, of tlie preitat chapter. 
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ipilesy and from the latter to Ztil, its greatest breadth, ai»out fen. 
Hie latter is between tweutv ^nd thirt^f tathoins deep, and has along 
its banks many cities; towns, and villas^es ; yet the Upper Luke sur- 
passes it> tor it b no inhere less than fifty taihouis deep, and its 
greatest depth is said to be three hundred and titty ; but it u coo* 
siderabiy deeper in summer than in winter, occabioaed by the melt- 
ipg of the suow upon the nei<i^hb(«uriug mountains. Here is alio 
its greatest breadth ; for between Buchorn on tlie one side, anil 
Ro!)chach on the other, is no less tlinn tive leagues. Near Liadaa 
and Bregentz, besiiie the fishes commonly caught in those fwrta, is 
a kind of salmon- trout, which being pickled, when full grown, are 
e^iported as a rarity. Tney generally wei;>h between thirty and 
forty pounds. As the fishermen cannot always make a giiod mar. 
ket of such large fislit- s, they tie a bit of wood on a line, whicb 
having passed through the fishes gills, they throw thtm again into 
tlie water, and tie the otl^er end of the line to a stake near Ihck 
huts ; thus, without any danger of losing tbeur game, allowing IlicBi 
a range of thirty or forty paces to swim in, and preserving them 
alive and sound till they meet with a market. These fisbet ana 
caught only three mouths in the year. 

In the middle of the Lower Lake, the island of Rbichenai* 
lies ; and on account of its fertility, and the wealth of the abbey 
built there, is not improperly styled Reichenauj or Augia^ivei. 
Th^ island is about three miles long and eue broad, abounding with. 
fine vineyards, and all kinds of fruit. 

The lake of Gbnbva resembles the sea, both in the colour of its 
water, the btorms that are raised on it, and in the ravages it makes 
on its banks : ir is as little subject to frost as the lake of Constance. 
It revives different names from the coasts it washes, and has in 
summer stmiething like the ebbing and flowing of the tide, occa. 
sioned by the melting of the snows, that fall more copiously into it 
at noon, than at other times of the day. It has, or rather had, 
formerly, five diflerent states bordering on it ; France, tlie duchy of - 
Savo\, the canton of Berne, the bishopric of Sjtten, and the republic 
of Genrva. This lake is in shape like a half-moon, whose convex 
side looks towards Swisserland ; so that it is sixteen leagues in length 
on this side, while towards Savoy it does not exceed twelve. It 
is pretty narrow at both ends; but widens by degrees to tlie 
middle, where it is twenty-five miles over. As to its depth, it is 
said in some places to be unfathomable, and is therefore navigable 
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bj larger vcMcb than are comniooly teen iji rivers. Near.ViHe. 
neofe, the Riiofie diicliarges iUelf iuto it wilb such rapidity, Ibat 
for tkedist^'Dce of half a leagues tlie river water, which is very foul, 
coiitiiiiiesuniiiixid witli that lake, which is very clear ; " but aAer- 
ward/' Miys Keysler, '* there is no visible dintinction, though various 
aocieot, aud several iiio^iern writers affirm the contrary." For. 
merly this lake att'orded trouts of fifty or sixty pounds weight; but 
now oue of twenty or thirty is reckoned ver^ large. 

ilie Rhone, at it^eliiux, forms au island, on which, together with 
the baitks on both side«, stands the city of Geneva, which is thus 
divided into three unequal parts, that have a communication by four 
bridges, and is situated in 46^ \Qf north latitude^ and in 6^ east 
longitude from Greenwich. The greatest part of the city is seated 
OD a hill, and has its view bounded on all sides by several ranges of 
mountains ; but the&e are at so great a ilistance, that they leave open 
a surprising variety of beautiful probpects, and, from their situation, 
cover the country they inclose from all winds except the south and 
noith, to the last of which the inhabitants of this city ascribe the 
healthfulness of the air ; for as the Alps surround the city on all 
sides, forming a vast bason, within which is a well-watered country, 
there would be a constant stagnation of vapours did not the north 
wind put them in motion, and scatter Mhem from time to time* 
From this situation, as Mr. Addison observes, the sun rises later at 
Geneva, and sets sooner, than in other places of the same latitude; 
and the tops of the neighbouring mountains are covered with light 
above half an hour after the sun is down at Geneva. These mouo« 
tains also much increase the heats of summer, and form an horizon 
that has something very singular and agreeable. On the one hand, 
a long range of hills, distinguished by the name of Mount Jura, is 
covered with pasture and vineyards; and on the other, huge preci- 
pices« formed of naked rocks, rise in a thousand odd figures, and 
being cleft in some places, discover high mountains of snow at the 
distance of several leagues behind them. To the southward^ the 
hills rismg more insensibly, opeii to the eye a vast uninterrupted 
prospect; bat the most beautiful view is that of the lake, and its 
borders, which lie north of the town. There are few of the Swiss 
poets who have not acknowledged the inspiration of this enchanting 
scenery. 

Geneva is by far the most populous town in Switzerland^ its iiu 
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Fiabitnnfs amounting, acrordhip; to Mr. Coxe» to twentj«four thon. 
sand soud; wir.lf Zurich, which comes next to it in respect of 
popuia^ on, coil lams scarce!^' thirteen thousand. 

Tlie lak(* of ZuuiCH is one of the largest in Switierland (those of 
Conftl»uci* and Geneva excepted )» it being, according tuMr.Coxe, 
near ten leagues in length, and about one in breadth. The proqiect 
from it is cxtreinel> delightful, the little eniinenccs by which it is 
bordered Ikmu^ all over diversified with com-fieidb, vineyards, vil* 
hi:eH, aiid lowns : farther back is a gradual ascent of larger hilb^ 
terminating in the stupendous mountains of Claris, Schwhz» and tbe 
Orisonsy whose summits are always covered with snow ; the whok 
forming a scene truly picturesque, lively, and diversified. The Rhine 
waters the north side of the canton of Zurich, where it is joined by 
the Thur, the Toss, and other smaller streams. Ont of thf lake of 
Zurich issues a river, which flows through the town, and having a 
little below it received the Hill, hegins to be called the Linunat ; 
till traversing the country of Baden, it at last loses itself in tbe 
Aar. 

The lake of Yverdun, or Neuchatel, stretches, from south 
to north, about twenty miles in length, a^id in some places aboot 
five miles in breadth. According to IVf.de Luc, this lake is a hun« 
dred and tifky-nine French feet above that of Geneva. 

The lake of Bourgrt, in Savoy, is remaikable for breeding a 
fish which is unknown in other countries, called lavarefta*^ which 
frequently \\eighs four or ^ve pounds, is sold for a gooii priceg and 
is extremely well flavoured. 

The lake of Urana, in Dalmatia, which is seated on the north. 
eastern coast of the Adriatic Sta, and is described hy the Abbe Porta 
as of twelve miles extent, deserves to be mentioned on accoimt of a 
project which was formed hy a private person, and partly put in exe- 
cuti.>n, to cut a passage by which the water might be discharged 
into the Aliiatic : the course was to be cut through an isthmus of 
solid martiie for half a mile ; the attempt, however, was soon aban- 
doned. The ol)ject in view by making this outlet, was to drain, 
and, if possible, to render fit for cultivation, about ten thousand 

acres of land, which lay overspread with water. The Abbe inspected 

■ ■ ■ ■ ■ ■ 

* This b the common opinion : but it is not quite correct. Tbe lavaret m 
net wtdi also in maDy other |>arts of Europe towards the north. Tc is « specie* 
«f ^uiuia, the «almn lawrcttas vf Liouea*. — Editor. 
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thiseflbrt, accompanied by the Bisbopof Derry, aften^ards Earl of 
Bristol, and it appeared to tliem at the time to be allogetiier iLu- 
•orv. 

Ckerso is a fruitful island, at one time belonging to the Venetians, 
and which was once much more considerable than at present ; here 
atood an ancient temple to Diana, which formerly gave name to the 
island, and is noticed by ApoUonius of Rhodes. It is situated in a 
gulf, formed by the south-eastern coast of Islria with the shores of 
Croatia and Dalmalia, latitude 45^ !(/ north. On this island is no 
river, but a lake whieli possesses very singular properties ; it is called 
Jeisero^ analogous to Jezoro, a word still used by the Poles to ex. 
press a lake or standiug pool. The water is not always constant in 
its confines; sometimes it lenves a part dry for three or four years, 
add then rises agaia ; at other times it rises above its usual level, 
and aOer a certain time forsnkes tlie usurped ground \ The pro* 
prietors of the contiguous lands sow them, when free of the water, 
and know how to take their measures by observing the ordinary pe- 
riodj. The first year they sow maize, or Indian corn, which yields 
no great crop, on account of the weeds that spring up with the grain, 
and which are not then to be extirpated, but the two or three sub- 
sequent years they have very plentiful crops by sowing wheat. The 
fifth vf ar they forbear to sow, expecting the ri;>ing of the waters, 
which seldom fails to happen. In this lake are pikes of above thirty 
pounds weight, with tenches, eels, and other fresh-water fish of ex. 
qui site taste. 

Vbnice, the capital and formerly seat of government of the 
republic of that name, is situated in 46° 26^ north latitude, and 
ID 1 2° V east longitude from Greenwich, and from its Laguna 
IS entitled to a notice in the present place* It makes a very 
noble appearance at a distance, seeming, from its being built 
on a multitude of very small islands, to float on the sea, or 
rather, with its stately buildings and steeples, to rise out of it. 
The number of these islands still remains uucertain, some reckon- 
ing sixty, others seventy-two, and others again asserting that they 
amount to one hundred and thirty • eight ; but the latter must 
comprehend in their calculation all those places that have been 

* See for a timtlar pbeoomenon the dcscriptioo of lake Qairkaizen, Sect. 
iv» a. of the present chasten 



€38 STRlllGS.miVftRgy CAKAL8, LAlUfl, 

grachiallj raised io tl:e Lagumiy by driviog piles in the groand, and 
building on them. 

The Laguna, or marshy lake^ which lies between the city ind 
the continent, is five Italian miles in breadth^ and too xhallow for 
large ships : by the attention of the republic it ist prevented from be. 
coming a part of the continent, and from being ever frozen so as to 
bear an army ; hence the city is inaccessible on this side. Toward 
the sea the access is also difficult ; but the ^afe and navigable parti 
are pointed out by piles, which, at the approach of an euemy*s 
fleet, may be easily cut away. Beside, as a considerable number 
of men of war and ^rallies may be expeditiously fitted out for sei 
from the dock, which contains vast quantities of naval stores, the 
city is secure from any attack cither by land or water, and issnffi. 
ciently strong without t'urtiticatiotis. The fi!>lies« which are caught 
at the very doors of the houses, may be esteemed a good preserva- 
tive against a famine, and the s'wenil canals leading to the city, bc« 
tween the sand banks and nrarslij shallows, are, at a vast expense, 
kept clear of the mud and slime brought with the flood. Tlie ^^ 
turn of the sea is somethinii; later here than every sixth hour, and 
it generally rbes between four and five feet, keeping the water be* 
tween the islands of the city in continual motion : but some of these 
canals being very narrow, the mud is not so effectually earned off 
as to prevent ill smells iu hot weather. 

Lago Maggiore, iu the duchy of Milan, is a most extraordi- 
nary lake, sixty-five Italian uiiles in length, in most places six 
broad, and its depth about the middle eight fathoms. Toward 
Switzerland it terminates iu a canal that is of vast advantage to 
commerce. The iake is every wa% environed with hills covered with 
vineyards and summer-houses, which above the vineyards are phin- 
tations of chesnut-trees, the fruit of w hich is consumed in such 
quantities, that when chesnuts are in great plenty, the price of cbm 
falls, especially at Genoa. Along the banks of the lake are fine 
rows of tiees^ and walks arched with vine branches, especially near 
the town of Alesco. This beautiful prospect is fiirther beiglitened 
by large natural cascades filling from the mountains. 

Two leagues from Sesti the lake begins to widen^ and on ente^ 
ing the bay appear the two celebrated Isoia Bella and liola 
Madre ; the former lately belonging to Count fiurromeo^ and the 
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latter to tbe Emperor. These two islands have been eompared Co 
two pjnunidf of sweetmeats, adoraed with green fe^tooiis and 
flowers* At one end of the garden of the Isola Bella are ten ter- 
races* the |)erpen«!icular height of which, taken together, says 
Keyskr, b sittj ells above the height of the water, each ell con- 
asthig of three spans. These terraces decrease proportionably in 
their circuit as they rise toward the top of the hill, where an oblong 
area, paved with fine stone, and surrounded with a baliustrade, 
affords a roost delightfol prospect. It is in length from forty.five to 
fitty common paces^ and on every side stands a range of marble 
BtiUoes of a gigantic size. The rain.water runs into cisterns under- 
neath, to which also other water is conveyed in order to supply the 
water.works. Round every terrace is a pleasant walk, and at the 
ibuf angled are large statues and pyramids placed alternately. The 
walls firom the bottom to the top arc covered with laurel hedges, 
and espaliers of orange, lemon, |>each-trees. Sec, The laurels 
stand in the open air during the whole winter ; but the lemon and 
orange-lrees are sheltered over with a covering of boards, and 
in sharp weather cherbhed with heat, from fires provided for that 
purpose, at a great expense. The annual charges of this Borromean 
paradi^ amount to forty thousand Piedmontese livres. But to raise 
^ noble a superstructure upon such a foundation, and to bring these 
islaiids to their present incomparable beauty and magnificence^ 
teems aii undertaking beyond even the revenue of a prince to ac- 
complish. The Isola Belhi was, somewhat more than a century 
ago, only a barren rock, to which every basket of earth, and what- 
ever is found there, must have been brought by boats at a prodi* 
gioot txpttAe. 

The gardta of Isohi Bella has a south aspect, and at the two 
■bgtetof its ftoat are two round towers, in which are very lofty 
ipartmeiiti, ^riMd with red and black marble. Here is also a 
tolled gaH^ry, supported by stone columns, and shaded with 
lemon trees. On the other side, that is, toward the east, b a de- 
lightful walk ttf large orangctrees, disposed in four or five rows. 
At a somU distance b a fine grove of olives, with narrow walks, 
snd a cascade that fiUb down above twenty steps. Here is also a 
j)lantatk>n of large pomegranate-trees. Tlte lake conie« up so 
doic both to the pahice and gardens, as scarcely to leave »o much 
diy ground as to set one's foot up<m, except a small sfiace before 
tha north ftwt of the palace, which was a fine prospect towarda 



240* SPRINGS, RIVERS, CANALS, tASBS, 

laola. On the east and west sides are large vaults, upoa which the 
earth has been mUed- to the height above-mentioned ; and the 
whole may be compared to the hanging gardeui of antiquity. These 
Tanlts are not only a foundation for tlie soil, but an ornament to 
the gardens^ all of them resembling so many grottos. Nemr ifae 
palace are kept in a shed» built for that purpose, three 6ne gon- 
dolas for parties of pleasure upon the wuter. 

From Isola Bella to IsoLA Madrb is about half an knur's mU. 
iiig> thongli their great height makes them appear much uearcr. 
The latter has seven terraces, which are high, but sloping, and at 
a considerable distance from each olher» by which mcan^ it appean 
to l)e lower than Isola Bella, though according to the original pnk 
they are of an equal height. Tiie greatest part of the exterml 
foundation of Isola Mad re is a high perpendicular rock, pro* 
jectingconBiderably over the water, so that it did not require so 
much masonry as Isnia BeMd. That part of the front of the palace 
only is completed wliicli looks toward Sesti and the above island, 
and is adorned with fine |)aintiugs of flowers, portraits, and land- 
scapes. 

The garden of this island also abounds with vegetable beauties, 
particularly a fme espalier of citron-trees, with a low contre-espalier 
of orange-trees, an arched walk of cedars, a smaller espalier of 
jessamine, an espalier of acacia, and another of rosemaiy not less 
than eight feet in height. Here are also several small groves of 
laurel, with walks cut through them. Some of these trees are of 
uncommon thickness ; and one of these espaliers of laurels b above 
eighteen feet high: such a hedge, by means of the mildness of the 
air, and its being fenced from the north wind by the neighbouring 
mountains, shoots up to this height in six or seven years. 

The Isola Madre is a secure place for keeping pheasants, which 
are easily confined here on account of the great breadth of the 
lake : for when any of them attempt to fly over it, they soog flag, 
and drop into the water, from which they are immediately takca 
up by a waterman who puts oflf for that purpose, and brings then 
back. This, however, seldom happens ; for as the island U larger 
tlian Isola Bella, and abounds with every thing proper for them, ss 
well as places tor bhelter, the birds seldom attempt to make their 
escape. There is a little hou^ built for the young pbeasaDts* and 
near it a beautiful grove of lofty cypress-trees. This appears to 
be the finest part of the ishmd, and recab to one's mind the fiibo- 
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torn de icf ip l kait that hate been given of eocbaDted groves and 
ttbada. The walks through this cedar plantatioD lead, by a de- 
•cent, to a sammer-bouse iiear the lake. The shores of both islands 
tms ^t round with painted flower. pots; and when any foreign prince 
comes in the night, or makes any stay here, both ishrnds are illumi- 
■ated with lights of all colours, which exhibit a very glorious spec- 
tacle. 

The territory of Peruoia contains a pretty large lake, anciently 
•called Tkroiimene, but at present the lake of Perugia^ hi which 
«re three iskuKls. Between this lake and a high mountain near 
Cortonai hi the dominions of Florence, is a long valley with only 
one narrow entrance, wliere Hauoibal defeated Flaminius the Ro- 
man general. 

The Capb of Bolsbna, a small town most delightfully situ« 
ated in the patrimony of St. Peter, is thirty-five Italian miles in cir* 
«uit. The mountains which environ it are covered whh oaks, and 
form expansive and august amphitheatres. Here is said to have 
•been wrought by the host (the elements of the eucharist) ,when car- 
ried in procession, the miracle which gave occasion to the insti- 
tution of the festival of Corpus Chriiti. Near this place are seen^ 
on an eminence, the walls of tho Etrurian city Volsioium, in ruins. 

Four Italian miles from Tivuli, a town of great antiqaity in the 
Gampagna, and seventeen miles nortlueast of Rome, lies the lake 
*of Solfatara, formerly called Lacus Mbutus, in which are 
sixteen floating islands. Dr. Moore asserts that these islands are 
nothing else than bundles of bulrushes springing from a thin soil, 
formed by dust and sand blown from the adjacent ground, and 
glewed together by the bitumen which swims on the surface of this 
lake, and the sulphur with which its %vaters are impregnated. Some 
of tliese islands are twelve or fifteen yards in length ; the soil is vfA 
ficiently strong to bear five or six people, who, by means of a pole, 
nmy move to diflerent parts of the lake, as if they were in a boat. 
This lake empties itself by a whitish muddy stream into the Tive. 
rone, the ancient Anio ; a vapour of a sulphureous smell arising 
from it as it flows. The ground near this rivulet, as also around 
the waters Of the lake, resounds as if it were hollow when a horse 
gallops over it. The water of the lake has the singular quality of 
icoverhig every substance which it touches with a hard, calcareous 
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or petri^g mttter*. On thtowtng a boaclle of ihnibs or snafl 
sticks into it» they will in a (tm dm be covered with a white cniili 
bat what seemi still more extraordinary, this iocmstatiog qoalky 
is not so strong in the lake itself as in the canal, or little midet 
that runs from it, and the farther the water has flowed from the 
kke, till it b quite lost in the Anb. the stronger this quality be- 
comes. These small round bcrustations which cover the sand aad 
pebbles, resemblhig sagar-plombi, are called Confectidi Hvoli, or 
confections of Tivoli. Fishes are found in the Anio, both above 
•and below Hvoli, till it receives the Solfittan, after which, doriif 
tlie rest of its course to the Tiber there are none. The waters ef 
this lake had a high medicinal reputation anciently, but they are in 
no esteem at present. 

The lake of AoNANO, m the kingdom of Naples, is not fiir<fis. 
tant from the Grotto of Paastlipo, which as an artificial excavatkiB 
will be described in Part 111. of this Work. The commonicatkiB 
between these two remarkable places is by a Tery pleasant rosilf 
between fine vineyards. This lake is a perfect circle, about aa 
Italian mile in circumference. At high water, in some parts of il, 
is seen a strong ebullition. On approaehiug it, one b sensible of 
the motion of the water, which possibly proceeds from the ascent 
of the effluvia. The tenches and eels m thb lake have in winter a 
▼eiy good flavour, but in summer are not eatable, which b in 
some measure imputed to the great quantities of flax and hemp 
brought thither from all the neighbouring parts, which are soaked 
in this water for the purpose of mellowing them. 

Near this lake stand the sudatories of St, Germano, which consi^l 
of several apartments built with stone, where the heat and sulpho- 
reaus vapours issuing from the earth soon cause a- profuse sweat; 
in some places the wall b too hot for the hand to bear it, and yet 
the heat is supportable in the hottest room, especially if you stoop 
toward the ground. The same observation is made on the badtt 
of Tritoli. The patients are put iuto rooms of different degrees 
of beat, according to the nature of their complaint ; and in tlie , 
sudatories of St. Germano, which are said to be very efllicacious b 
the gout, debilities, inward heats, &c. they never stay above s 
quarter of an hour at a time. 



• See a limilar property in the water of Loch-oeagh in the iabdivisi<Sk 5| vf 
this section. 
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'Within an hondred ptces of these lalubrioos radatoriei is t small 
natural cavero^ known by the name of ** Grotto dei CanS,ox Dog*9 
Grotto^** which we have already described *• As we have also 
the general face of the valley of Sotfatara itself t* 

This lake is in some places au hundred and eighty feet deep; and 
some old walls standing near it, are supposed to be the remains of 
a temple to Apollo. 

Of the lakes in France, none need be mentioned here hot that 
ofTHAV, on which is seated the small town of FrontignaCf or 
Froniignan, seventeen miles to the soath*west of Montpelier, cele- 
brated for its excellent mnscadina wine, its jar-raisins» and its hand- 
some towtt.hoose. This wine is called by the English Frontiniae. 
The above lake^ which is also named Maguhone, is twelve leagnet 
ill leogthj and separated from the sea only by a narrow tract of 
hmd ; but in one place has a communication with the gulf of Lyons^ 
which, according to BuKhing, takes not its name from the dty of 
Lyons, which is seated at a great distance from the sea, but la- 
ther from the violent storms so frequent io this shallow part of the 
MediterraneaOt and which destroy the ships as a furious lion does 
its prey. 

British Isles. 

In Ekoland, the adjoining counties of Cumberland, and West. 
roorland, are so highly celebrated for the;ir lakes, and the beautiful 
romantic scenery that surrounds them : that we shall more miniiie* 
ly advert to them in the ensuing subdivision of this section. Th» 
principal lakes in Cumberland are, DerweHtmwater^ Uh.waterf 
and BroatLwater ; beside which, BoisenthwaHe^ Lowmaier^ 
JVatdale, and Daigarth, are all worthy of notice. 

The lake of Derwbnt.water is in the vale of Keswick: it is 
three miles In length, and a mile and half wide. Five islandi nam 
out of this lake, which being covered either with turf or trees, add 
greatly to the beauty of the appearance. On one of these islands 
IS an elegant modem-built house. More to the north-west, tha 
river Derxtent^ after running a short space in a narrow chapnel. 



• Stc ch. unr. i^t. ▼«. ▼ol. II. 
f See fol. I. ch. x?ii, p. 509i 
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enUirges into the long and narrow lake, called Baaeenthwaife, at the 
terniitiation of vthich is a remarkable water-fall, uamed I^owdortm 
Tbe Derweiitwater estate was not long since restored to its noble 
family, subject to a large fee farm rent, for the use of Greeowich 
hospital* 

Uls-water is a long and narrow lake» with its southern pact 
in Westmorland, while all the rest is . equally divided between the 
twd counties. ' If a swiveUgun, or even a fowling-piece, be dis. 
charged from a boat on this lake, in certain parts of it» tbe repoK 

' will reverberate from rock to rode, promontory, cavern, and hill, 
with an astonishing variation of sound, now dying away upon the 
ear, and again returning like peals of thunder. This re-echo may 
be distinctly heard seven times iu succession* 

Among mountains where eagles build their nests, m the western 
part of Westmorland, and on the borders of Lancashire, is WiK* 
ANDER.MBRE, the longest and most beautiful lake in Enghmd, 

, said to be so called by the Saxons, from its winding banks. It is 
about ten miles in length from north to south, Init in no part is 
broader than a mile* It is paved as it were nf. bottom with one 
continued rock. In some parts it is of a vast depth, and is well 
stored with a fine fish called char^, which is rarely found elsewhere, 
except among the Alps, and in some of the lakes of America. 
The Uls-water, already mentioned, has likewise some cA«r ,* but 
not in such plenty as here. In the forest of Martindale, to the 
south of Uis-water, the breed of red deer still exbts, in a wild 
state. 

In Wales, the Bela lake, of Merionethshire, deserves to be 
spoken of. This country is watered by several rivers, the most of 
which are connected with lakes, and the principal of which are the 
Dee^ the Avon^ and the Drurydk, The Dee has two springJieads 
in the eastern part of the county, after the union of which it is sup. 
posed to run through the lake Bala, or Pimblc^meer^ wilhoat 
mixing its waters with those of the lake ; at least the different trib€i 
of fishes seem not to mingle ; for it is said, that though the Dee 
abounds with salmon, none are ever taken in the lake out of the 
stream of the river; nor does the Dee carry off any guiniads, a fish 
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peculiar to the lake, which reaenbles th« whitiiig, hot tastes like a 
troijf. 

Tiie most remarkable loclis, or lakes, in Scotland, are Lochfaj/^ 
Lochness^ and Lochleven^ which send forth rivers of the same 
nanie with themselves; Lochlomond^ which sends forth the river 
Lomond ; and Lockiernj from which flows the river lern. 

On Lodileven lately resided a collateral relation > and namesake 
of the celebrated Dr. Smollet, to whose memory he raised an obe« 
iisk, on the bank near the house in which he was born. Smollet 
was entitled to this mark of attention ; for we are indebted to him 
for the following beautiful lines to the lake itself, 

00 Leven's bank% while free to rove, 
And tune the rural pipe fo lovCy 

1 envied not the happiest swain 
That ever trod th' Arcadian plain. 

Pure stream I in whose transparent wave 
My youthful limbs 1 wont to lave ; 
No torrents stain thy limpid source ; 
Ko rocks impede thy dimpling course. 
That sweetly warbles o'er its bed. 
With white, round, polish 'd pebbles spread} 
While, lightly poisVI, the scaly brood. 
In myriads, cleave thy. crystal flood : 
The springing trout, in speckled pride; 
The salmon, monarch of the tide ; 
The ruthless pike, intent on war ; 
The silver eel, and mottled par. 
Devolving from thy parent lake, 
A charming maze thy waters make. 
By bow'rs of birch, and groves of pine, 
And hedges flower*d with eglantine. 
Still on thy banks, so gaily green, 
May num*rous herds and flocks be seen ; 
And lasses, clianting o*er the pale ; 
And shepherds, piping in the dale ; 
And ancient fiiith, that knows no guile, 
And iiidustiy, imbrown'd with toil ; 
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And bearti resolved, and iMods prcfwr'd 
The blessiogi they enjoy to guard ! 

Ibsland abounds more in lakes, or as they vere formerly called. 
leughSf than perhaps any other country of the same extent ; and 
especially the provinces of Uister and Connaughtj in which they 
are more frequent ihan in the otiier i^ovinces of I he kingdom. 
They are usually classed under two denominations; fresh-watei 
lakes, which have no access of the tide, or mixture with the ses, 
snd salt lakes, into which the tide flows, and which may more pro- 
perly be called inlets of the sea* 

Of the fresh-water lakes, one of the roost extfaordinary is Lough' 
iene, in the county of Kerry, which is remarkable for its singular 
beauties. It is about six miles in length, and, at a medium, near 
half as much in breadth ; and is interspersed with a variety of 
beautiful islands, many of them rich in herbage, and well inhablL 
ed. Eagles and ospreys are here in great numbers, and the islands 
and rocks in and around the lake are adorned with groves of the 
arbutus, which is frequently four feet and aa lialf io circurofer« 
ence^ and nine or ten yards high. 

Lough-erne and Lough^neagh are by much the largM lakes ia 
Ireland. The former is divided into two branches, the upper asd 
lower, which are separated by the water being contracted mto tlie 
compass of d considerable river for some miles, after which, en.* 
largiug itself, it forms the lower lake. This lough, in both its 
branches, takes its source through the whole length of the county 
of Fermannagb^ from the south-eaMt point to the north.west, nearly 
dividing it hito two equal parts. It abounds with a great variety 
of fishesy as pike of a prodigious size^ large breamj roach, eels^ 
and trout; but it is chiefly v&lued for its ialmon. 

Loughs neagh is .somewhat of a square form, but indented oq 
every sioe. It is esteemed the largest lake in Ireland, and is 
exceeded by few in Europe, being twenty miles long from the 
north.west point to the south-east, near fifteen miles from the north* 
east to the south-west, and ten or twelve broad at a medium. 
Lough -neasrh communicates its benefits to five counties, Armagh, 
Tyrone, Loudpncierry, Antrim, and Down; the latter of which it 
only touches by a small point on the south-east side, k receives 
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six considerable mtn, foar of lesaer note, aod several brooks ; yet 
has but one outlet to dischHrge this great flus of water. It lias 
various peculiar! tie^, and especially that of petrifying vegetables i 
on which account we shall more minutely notice it in the eusuing 
subdivision of Particular Laket. 

America. 

• 

Nothing dbtinguishes the northern parts of this division of the 
world more than its numerous and immense lakes, tiie five principal 
of which belong wholly or in part to tiie province of Canada, or 
Quebec, and are named Ontorioj EriCj Hurouy Michigan^ and 
Superior, These lie within about seven degrees of latitude, and 
fourteen of longitude, or from 41° 35' to 49*^ north, and from 75* 
2(/ to 92^ west* There are beside mauy smaller lakes which lie 
to the eastward and north- west ward of these. To the eastward are 
the lakes George and Champlain. The most northern vi^ted by 
the traders is the lake B^urbon^ which reaches to 51° north lati« 
tude ; to the aoutfa of which is the lake Winnepeek^ called by tbe 
French Ouinipique: communicating with the former by a strait. 
A river extends from lake Winnepeek to lake Superior, which 
some geographers have considered as a continuation of tlie St. Lau- 
rence : about midway of this river is the take du Bois, or fFood 
lake ; there k likewise lac Piute, or the Rain lake, the Red luke^ 
and Niepegon^ with many others still less considerable^ Beyond 
60° of north Utitude, from near Hudson's Bay to 13.1° we^t longi- 
tude, are otiier extensive lakes* about which the savage race of 
Arathapescow Indians lead their wandering life. These vast as. 
semblages of fresh waters* which are not put in motion and alter* 
nately raised and sunk by tides, are su) posed to contribute very 
considerably to the greater degree of cold which is felt in the 
nortliem parts of America than in the same parallels of latitude in 
'Europe. 

In describing tlicse lakes, let us begin with the most eastern, and 
proceed westwardly. 

Lake Gbokge, formerly called by the French lac St, Sacrcm 
ment, is about tiiirty five miles long from north east to south.west, 
bf|t narrow* 

Lake Champlain it about eighty miles from north to south, 
and about fourteen m^es where broadest. When tbese two lakes 
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were first discovered, the^p were known bj no other name than tbaf 
of •' Iroquois lakes/ 

Lake Ontario is the least of the five great lakes of Canada; its 
form is nearly oval ; its greatest length being from north-east (o. 
south-west. Its circumference is about six hundred miles* Near 
the south-east part it receives the waters of the Oswego river, and 
on the north*east discharges itself into the river Cataraqni, which 
communicates with the St. Laurence, or may he considered as the 
source of it ; though some geographers describe that vast river as 
uniting the five great lakes, and having its source to the westward of 
lake Superior. Near to it stood fort FronienaCf which was taken 
Aiom the French in the year 17^8, by some provincial troops, under 
Colonel Bradstreet. At the entrance of Oswego river' stood a fort 
of the same name, which, in the year 17^6, was defended by two 
regiments of provincial troops^ when it was attacked and taken bj 
the French, and the garrison cruelly massacred by the savages who 
followed the French camp. 

Lake Erie extends about three hundred miles firom west to 
north-east. It is widest toward the middle, where it is abont se. 
▼enty miles across from north to south. Carver, a fiiithfiil narra- 
tor of what he saw, though not to be followed in loogitudea and 
lathudeSf says, the navigation of this lake is esteemed more danger* 
ons than any of the other lakes, on account of many la^ lands 
which lie on its borders, and which project into the waters, so tliat 
whenever sudden storms arise, canoes and boats are frequently lost, 
as there is no place which affords retreat or shelter. The same 
writer says there are several islands near the west end so infested 
^vith venomous snakes, that it is highly dangerous to land upon 
them- The water is covered near tlie banks of these islands with 
the iiymphqea nelumbo or aquatic liliv, the leaves of which spread 
over the surface, so as to cover it entirely for a great space ; oo 
these our traveller saw prodigious numbers of tlie water-snakes, 
ivreathed up^ and basking in the sun. 

This lake discharges its waters at the north>east end into the 
river Niagara, which runs due north and south; is about thirty.six 
miles in length, and flows into lake Ontario. At the entrance of 
this river, on its eastern sliore, is fort Niagara, which was takeu 
from the French in the }ear 1759, by Sir William Johnston, and 
was considered as 9. highly important acquisition* About eighteea 
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mikt liirtber northward «re tbote stupendous cataracts, wfakb are 
not to be equalled by any otber Mis of water on tbis globe» and 
wbicfa have been already described. 

Lake HuaoN is ne:it in magnitude to lake Superior; its shape is 
nearly triant{nlur> and it is about a thousand miles in circuinfereuce; 
on tbe north side of it u an islund, nearly an hundred miles in ex* 
tent from east to we&t, but in no part above eight miles from north 
to south : it is called by the Indians Manataulin, which signified 
a place of spirits. At the west point of the lake are the straits of 
MichilUmackinae^ which unite with lake Michegan; and -about 
fifty miles to the northeast of these straits are those of St. Marie^ 
by which lake Huron communicates with lake Superior : they are 
about forty miles long, and very nnequal in breadth : here are 
ialls, but not perpend icular, like those of Niagara, but the waters 
pass alon^a: a sloping bottom, which in that country is called a ra- 
pid: this continues for nearly three-quarters of a mile. The fM 
here is not so impetuous as entirely to prevent tlie navigation of 
boats and canoes downward. The southern point of lake Huron 
runs into a strait, which soon after enlarges into a small lake called 
Si.Cidiref from which runs another strait, which is only distio« 
guished by the French name of Detroit (strait) ; this discharges it« 
self into lake £rie> tbe distance between which and Huron n eighty 
miles. Although tlie water liere is level, yet the navigation of 
large vessels is stopped by a bank of sand. Th^ town of Detroit^ 
which contains upward of an hundred houses, is situated on t\m 
western banks of this river, or strait, about nine miles below lake 
St. Claire. At the north east point a considerable river flows into 
this lake> called the Souties, from which there is but a short car* 
ryiug.plHce to the river of the Attawawai, which discharges itself 
into the St. Laurence above Montreal. 

Lake MiCHBGON> to the west of Huron, is long and narrow^ 
eatending nearly two hundred niiics from uorth-west to soutli^ast, 
and forty broad from north to south. Between these two lakes a 
peninsula is formed, which runs into a point at the north-west, at 
the straits of IVttchilliinackiuac, where b a fort of the same name, 
wiiich, ni the langua«;e of the Chippewaw Indians, signifies a tor* 
toi^e. On tbe norlh-ucst side of this lake is asStrait, about forty 
miles wide, called the grand traverse, in which are many islands, 
tome of which are inhabited by the Ottawaws^ and others by the 
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PoBtMrattiiiiic Indiam. This ttiak IcmIs into what the Fnsocii 
csUed Bt^e Puanl (stinkiiig), but which it now named the Greem 
Bay; it is long and narrow, and into it flows a large atreaoiv 
which rises near the Mississippi, and b denominated the Fos 
River; its banks are inbabiled bj a powerful tribe of Indi* 
ans. On the south-west side of the river are the Saukie Indians. 
Near the borders of this lake are a great number of sand cberriei^ 
which are not less remarkable for their maimer of growth, than for 
their exquisite flavour. Thej are found upon a small shniby not 
more than four teet higfa^ the boughs of whkh are so loaded, thai 
they lie in clusters on the sand. As they grow only on the saad^ 
the warmth of which probably contributes to bring them to such 
perfection, they are called by the French cerise de sabie^^ the sias 
of tbera does not exceed that of a small musketball. Goos«bc^ 
ries and juniper trees, bearing berries of a very fine kind, abouad 
kere* Sumack likewise grows here in great plenty, the leaf of 
which, if gathered when red, is much esteemed by the natives, whs 
laix about an equal quantity of it with their tobacco. Neartbii 
lake» and on the kM>rders of all the great lakes, grows a kind of 
wallow, to which the French liave given the name of bois rouge^ . 
or red wood f • Its bark, when of one year*s growth. Is of a fine 
scarlet colour, but as it grows older it changes into a mixture of 
grey and red. Tlie stalks of this shrub grow in dosteia io the 
height of six or eight feet, and never exceed an inch in diameter. 
The Indians scrape the bark, which they dry and powder, and mix 
with their tobacco, for their winter pipes. 

Lake Superior is entitled to this distitiguish'uig appellation, not 
only as it surpasses every other American lake in extent, but as fie- 
iog situated on a much more elevated part of the country, the 
level of its waters beiog several hundred feet higher than those of 
the St. Laurence. It may be justly called *< the Caspian of Ame- 
rica," and is unquestionably tiie largest expanse of fresh wrater in the 
world, being in magnitude equal, or ralbef surpassing that Asiatic 
salt water Jake, which has been already spoken of. The French 
are said to have observed of the lakes, that they rise, by impercep- 
tible degrees, to about the height of three feet in seven years and 



^* Cerasus pygmiea, Linn. Editor. 
* t Saliz rabra. Lino. E4lu 
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mi halff sod sink as much in an equal portion of tiaie» so that in 
fifieeu years this watery c}'eley if it nay be so termed, is completed: 
a change similar to what has been re|K>rted of the Caspian, but 
performed in one quarter of the time. According to the French 
charts, the circumference of lake Superior is about fifteen hundred 
miles. Carver is of opinion^ that ** if it were coasted round, and 
the utmost extent of every bay taken, it would exceed sixteen 
hundred." He coasted near twelve hundred miles on tlie north 
and east shores : '* When it was calm,*' says he, '^ and the sun 
shone bright, I could sit in my canoe, where the depth was upward 
of six fathoms, and could plainly see huge piles of stone at the 
bottom* The water at this time was as pure and transparent as the 
air, and my canoe seemed as if it hung suspended in that ele* 
ment. It was impossible to look attentively through this limpid 
medium at the rocks below, for even a few minutes, without feeU 
ing the head swim, and the eyes no longer able to view the dazaling 
scene,** This occurred in the month of July, and although the 
surface of the water, from the heat of the atmosphere, was wann, 
yet on letting down a cup to the depth of about a fathom, the 
water drawn thence was so excessively cold, that it had nearly the 
same efKfct as ice, when taken into the mouth. This lake is said to 
receive nearly forty rivers and streams of water; the two principal 
rivers are the Nipegon, or Alanipegon, and the Michipicooton, the 
one from the north, and the other from the west. By means of 
the latter, a communication b formed with the lakes Bourbon or 
Christianeux, Winnepeek, and du Bois; and in this river some have 
traced the St. Laurence. A small river on the west, before it 
enters the lake, has a per|)endicular fall from the top of a mountaiifj, 
of more than six hundred feet, through a very narrow channel* 
The only passage through which the waters of lake Superior are 
discharged, is St Mary's strait, already spoken of. There are 
many blands in tiiis lake, two of which are very extensive; the 
largest has been named Isle Roj/aly the other rhillipaux, which 
last is supposed to be nearly an hundred miles from east to west, 
but in no part more than forty miles from north to south. Miropau 
Isle is likewise of considerable extent ; at the entrance of West 
bay is a cluster of small islands called ** the twelve Apostles. On 
Ihc south side of the lake is a peninsula, which spreads into the 



252 SFBIlfGS, mVBRS, CANALS, tAKVS, 

lake sixty miles and is called Che^otnegan. Hie Indians suppose 
these islands to be the residence of the Great Spirit. 

This lake abouuds with tishesy the principal of which are fnnit 
and sturgeon. The country to the north and east is very moan* 
taiDons and barren. Wliirtle.herries, of an uncommon sixe» and 
fine flavour, grow in great quantities on the mountains, as do black 
aarrants and gooseberries^ but the most excellent fruit in these 
f»rts is a berry resembling a rasphcrry in its manner of growth^ 
but of a lighter red, much lan;er, anil in flavour more detidooa. 
It grows on a shrub of the nature of a vine, with leaves like the 
grape. 

On the north-west border of lake Superior is what is calkd 
^ the grand portage ;*' aud there those who go on the north-west 
trade, many of whom come from Michillimackinac to the lakes 
De Pluye, Du Bois, ^x. carry over their canoes and goods fbr 
pbout nine miles, when they again procenl by water carriage. 

There is likewise a great mart for trade aliout an hundred aod 
iiAy miles to the south>west of lake Superior, near the banks of tlK 
Mississippi, where that river forms wiiat U called lake Pepin. As 
this was settled to be a place of resort by the French traders, they 
thought fit to give it a name, and it has ever since been known by 
that of La Prairie du Ckieriy or Dog Meadow. Hither all the 
Indians who inhabit the adjacent countries resort, and it rather de- 
serves to be named the meadow of concord ; for whatever Indians 
meet in this place, though the nations to vliicli Ihey l>elong are at 
war with each other, arc obliged to restrain tiieir enmity, and to 
forbear all hostile acts whilst they continue here. The like conduct 
is observed at the Red Mountain, which is in the same jwrt of the 
country, whence they procure the sloue of which lliey make their 
pipes. 

Of the Spanish Possessions in North America, the provincs 
of Mexico PropeiR greall5r exceeds the rest, ami contains tbe 
capital of th^ same name, which is scaled in the lake of Tuscuco, or 
Mexico, on the east side of a valley, at the foot of a ran«re of hifli, 
in ig» 26' north latitude, and 101^ 1-2' west longitude from Green- 
Hich, about a hundred and seventy miles west of the gulf of Mex- 
ico, and a hundred and ninety north of Acapulca. Clavigero 
calls it " the most renowned of all the cities of the new world," aod 
says it is, like Venice, built on several ijflands. 



/CATARACTS^ AND INUNDATIONS.. 255 

Tbe bke Tuscuco, he tells \i$, foroierly extended fifteen or ae* 
irenteen miles from east to west, and soinetbiug more from n^rtli to 
8outb» but its present extent is much less, tbe Spaniards liaving 
diverted into new ciiannels many of tbe rivers wbicb formerly ran 
into it.. The same writer says, that all tJie water wbicb assembles 
liiere is at fir^t ^eet, and becomes afterward sail from tbe nitrous 
quality of tbe bed of tbo lake. 

On tbis lake, and in tbe city wbicb it encompasses, Cortes and 
bis Spaniards maintained that cruel war against tbe Mexicans wbick 
commenced ui tiie latter end of l5iD, und was continued for eight 
years. Here tbe gallant Emperor Guatimozin was taken, whea 
endeavouring to escape in a boat, under a disguise^ intending, as 
tbe last efibrt, to raise a force in tbe neighbouring provinces. Into 
this lake, it has been supposed, a consiiderable part of tbe wealth 
contained in tbe city, when in tbe beivlit of its splendor, wasprc- 
cjpitatedy to prevent its becoming tbe spoil of their cruel ooo. 
querors^ when tbe Mexicans were no loi)j;er able to mamtam tlie 
unequal contest. 

Of the southern part of tbe continent of Ambrica, the principal 
lake we meet with is May AC ay do, in Terra Firina. It coromu* 
uicatcs with tbe gulf of Venuzuelu, by a strait, on the western 
coast of which the city of Mayacuyb(» is situated. This lake is said 
to be eighty leagues in circumference, and contributes equally to 
the beauty and convenience of tbe province of Venezuela, with 
whicli it is encompassed. The water is used as a drink, tJiough 
brackish and unwholesome. Tlie gutph of this lake which termi* 
sates in tbe Caribbean Sea, extends about an hundred and tea 
miles from south to north. 

[Kcysler, Addison^ Coxe^ Moore^ Spalamsani^ Swinburne^ 
Casourj Clac/gcroy Sxan^ Pai/ne^ ■ 



3. Particular Lakes ; or such as are entitled to a more minute 

Description. 

Lake Asphalt it cs. 

Tins is more usually known by tbe name of ih^ Dead Sea, 
It lies in Palestine, and is about fifty miles long, and twelve or tbir. 
teen broad. Jt is surrr>un(ie(l by lof^y mountains, and the river 
Jordan flows into it. It covers the old ground, that accorfling to 
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Strabo's^report, in consequence of an earthipake, accompanie<f by 
freqoeftt eruptions of 6re ; or, according to tbe words of tbe Bibley 
in consequence of a rain of sulphur, buried tbe towns of Sodom and 
Gomorrha; and is very remarkable on account of tbe considerable 
proportion of salt which it contains* In this respect it surpasses 
every other known water on the surface of the earth. This great 
proportion of bitter-tasted salts is the reason why neither aDimal nor 
plant can live in this water : op which account the nmme of Dead 
Sea is applied to it with justice. Thb great proportion of salt gifcs 
to the water so great a specific gravity, that it is capable of bearmg 
weights that would sink in the Ocean. Hence it happens that men, 
as Strabo long ago informed us, cannot dive in tlie Dead Sea, but 
ai^ forcibly suspended on its surfoce. 

The Drad Sea is farther remarkable on account of tbe great 
quantity of asphalt swimming on its surface, which having been on* 
ginally thrown np from its bottom in a melted state by the agency 
of subterraneous heat, and being again solidified by the cold of tbe 
water, is at last collected on the margin of tbe lake, and forms an 
important article of traffic. 

Two diflferent sets of chemical experiments have already made 
lis acquainted with the nature of the salts with which thb water is 
impregnated. 

The first of these is that of Macquer, Lavoisier, aiKf Sage,- in- 
serted in the Memoirs of the Actidemy of Sciences for the \ear 
1778, and entitled Anahfse de VEau du Lac Asphaltite. Two 
flasks, sent by tbe Clievalier Tolesin Guettard, furnbhed the requi- 
site quantity of water for this auahsis. 

Tliey found the specific gravity of the water \ '240. 

As the result of their analysis, they obtained from 5 |)outHls of 
the water 5 ounces of crystallized common salt, but not quite free 
from a small mixture of the salts with an earthy base. Farther, 
they obtained 30 ounces of earthy salts, consisting of four parts of 
muriate of magnesia, and three parts of muriate of lime. These 
proportions, reduced to 100 parts, give us the constituents of the 
salts of the Dead Sea as follows : 

Muriate of magnesia 21 '786 

Muriate of lime 1C"J39 

Muriate of soda 6^t50 

4A AJ-S 
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The fecond aotlysit of this water has been poblisiitd liy Dr. 
Alexander Marcet, io the Philoiophical Transactioiis for IWf, fiait 
2d. The water examined by him, io company with Mr. Tennant» 
had been brought from the Dead Sea by Me^rs. Gordon and 
Clnnis during their Travels iu the East, and had been sent by them 
to Sir Joseph Banks. 

The specific gravity of this water was 1*211. 

fVora QO parts of the water there were obtained by evaporathig 
in a sand-bath, at a temperature of 212^ Fahrenheit* 77 parts of dry 
saline residue. 

As the result of his analysis, he estimates the constituents in IM 
parts of the water as follows : 

Muriate of lime 3*791 ^ 

Muriate of magnesia. .« 10*100 

Muriate of soda IOS7S 

Sulphate of lune 0«054 



24*622 



Or, according to another mode of calculating. 

Muriate of liipe 3*920 

Muriate of magnesia 10*246 

Muriate of soda 10*360 

Sulphate of lime •• • 0*054 



24-580 



This estimate does not, however,, accord with the original state- 
ment, that 20 grains of water leate a residuum of 7*7 grains of 
dried salts. To make them agree, 100 grains must have furnished 
d8| grains of salt. 

Tins circumstance, together with the marked difference in the 
proportions of the salts, furnished by each analysis, induced nie, 
says the former celebrated chemist, to undertake an analysis myself, 
having heen furnished willi a suthcient quantity of water for the pur. 
ppse by Dr. William Thomson, whose recent death, at Palermo, has 
deprived mineralogy of a zealous disciple. This water had been 
brought by the Abbe Mariti from the East, and had been given by 
him fo Dr. Targiooi Tozaetti. 



*'.4 



fiM> SPAINOSy RIVERS, CANALS, LACE9, 

. The water was colourless aod Iranspareiit, except a small «le|fee 
of maddioess, obvioiidy owing to a cork-stopper. At the bottoa 
of the flasks lay a single cubic crystal, nhich had again begun te 
ie«dissolve« The taste of the water was bitter, saltish, and shaipi, 
Its specific gravity was 1*245. 

Five hundred grains of this water, evaporated to dryness and 
left upon a sand-batb till they no longer lost any weight, gate as a 
residue 213 grains of dry salt. This salt, while Mill warm, was di. 
gested with five times its weight of ^jilcohoK AAer h had been 
allowed to exert its whole solvent power, by being left in a mode, 
rately warm place« and by frequent agitation, tlie alcohol was de- 
canted off, and the undissolved salt treated again in the same maaner 
with half the quantity of alcohol. 

The alcohol was evaporated, and the Residual dry salt was agsk 
treated with alcohol ; but only with a quantity sufficient to take up 
the mcAt soluble salts, and to separate a portion of comnK» salt 
which had been dissolved along with them by the alcohol in the 
first process. The alcohol, being evaporated, left behind 174 grskis 
of a salt mass, consisting ot a mixture of u:uriatc of magnesia and 
muriate of lime* 

To determine the proportions of these t\v<T salts, the mass wo 
dissolved in water, and precipitated tvhile boilihg by carbonate of 
soda. The edulcorated precipitate wks mixed with water, saturated 
with sulphuric acid, and the liquor was evaporated to dryness. By 
washing the dry mass with a little water, the sulphate of magnesia 
was separated from liic sulphate of lime, and the magnesia was pre- 
cipitated at a boiling temperature by carbonate of soda. Tlie preci. 
pitated magnesia, which when edulcorated and dried weigliefl 70 
grains, was neutralized with muriatic acid, and the solution evapo- 
rated to dryness. The muriate of magnesia, thus restored, «» 
found to weigh, while still warm, 121 grains* By subtracting this 
quantity from the original I79 grains, we obtain 53 grains as tbt 
weight of the muriate of lime. 

The muriate of soda, freed by means of alcohol from the salts 
soluble in that liquid, weighed, after being well dried, 38 grains. 
But we may reckon 39 grains, the grain of difference wantiug to 
make up the sum total of the baits, being obviously owing to tbs 
greater degree of dryness given in the last processes than in the 
first. The muriate of soda was dissolve^ in water, and tried witli 



cirbtnilt of mmIii and mutwte of iMrtlet. No pradpititioii en- 
waed ; m |iniof tlmf it contvioed no solpliato of llm«* 
' In too partf of flie water bronghl by tbe Abb6 Mariti from the 
Jake of Asphaltom, or Dead Sea^ and examioed byme, theiv were 
cootained, tberefore. 

Muriate of magnesia. 94*20 

Muriate of lime 10-60 

Muriate of aoda 7*80 



4S-eo 



The reault of these experiments appronckes that of Mac(^ier» 
Lavoisier, and Sage. But the analysis of Dr. Marcet is a good 
deal different^ owing in all probability to the complicated processt^ 
and calculations which he followed. 

The specific gravity of the water, as stated by the FVendi ehe- 
BVJsts, agrees likewise very nearly with mine* The sum of the saline 
ingredients, as stated by these gentlemen, exceeds what I obtamed 
by 1 f grams. This was probably owing to their being m a less degree 
of dryness; for it is well known, that the two eaithy muriates ab» 
sorb water from the atmosphere while cooling. 

The somewhat smaller specific gravity found by Dr. Marcel rea. 
ders it probable that the wf ter which be examined was collected 
not for from the place where one of the streams of the river Jordan 
foils uito the Dead Sea. 

To give an example of the difference of the ingredients of tUa 
water from those of the ocean^ I make choice of the specimeB of 
sea- water which Sparmum drew in the month of July, 1770# ni tbo 
latitude of the Canary IsUuids, from a depth of 00 fothoms, and 
which BernHMB analysed. He found its specific gravity 1*0289; 
and a Swedish kanae zz lOO Swedish cubic inches gave' Un 

Muriate of soda « 1398 grains 

Muriate of magnesia. «•• 380 

Sulphate of lime • 45 

I8I8* 

* Bcrgnaa's Opiasc. vol. I. >• 181. 
VOL.111. a 
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TkeprinctiMl diferoMi betwwni the wttar of the oeeea mnd thil 
of Ibe Dead Sea, eombts m this reuaikahle cumrnatanee, that m 
the huter the caftbj nufiatet, which give the water ite great abarp. 
new and bitteroeti, eacced the prqwrtioa ef eomaioo nit 4^ timet; 
while, on the contrary, the common salt exceeds the othen ocarij 
as moch in the water of the ocean. 



UUmaier Lake, and the iurrounding Scenerg. 

FriMB Mr. Gray fo Dr. Whuton 

Jitan, Oct. ]8y 1769. 

I HOFB you got safe and welt home aAer that troublesome nq^fat 
I loojir lo hear yon say so. For me, I ha?e continned well, been so 
lavonied hy the weather, that my walks have never once been his- 
dercd till y e ster day (that is a fbrtn^lit and three or four dayi^ and 
a journey of more than 300 miles). I aas now at Aston Ibr two 
daya» To*niorrow I go to Cambridge* ^ Mason is not beie, but 
Mr. Aldetson receives me. Accordmg to my pranlae I send yea 
the first slieet of my joomal, to be oontmoed without end. 

Sept. SO. A mile and and .a half from Brongh, where we patted, 
on a hill lay a great army encamped : to the left opened a line val* 
ley with green meadows and hedge*rows, a gentleflMHi^ fconse peep- 
ing forth from a grove of old tnres. On a nearer approach ap> 
psared myriads of cattle and horses in the nSid itself»«id in all the 
Mds round me, a brisk stream hurrying cross the way^ thousands of 
clean liealthy people in their best party-coloured apparel : farmerf 
and their families, esquires and their daughten, hastening up from 
the dales and down the fells from every quarter, glittering in the 
tun, and pressing forward to job the throng. While the daib bills, 
on whose tops the mists were yet hanging, served as a contrast te 
this gay and moving scene, which continued for uear two miles more 
along the road, and the croud (coming towards it) reached on as ftr 
as Appleby. On the ascent of the hill above Appleby the thick 
hanfsing wood, and the long reaches of the Eden^ clear, rapid, sod 
as full as ever, winding below, with views of the castle and towa, 
gave much employment to the mirror : but now the sun was waot- 
ing, and the sky overcast. Oats and barley cut every where, but 
not carried in. Passed Kirbythore, Sir William Dalstou's house at 
Acorn-Bank, Whmfield Fade, Harthom Oaks^ Countess-Pillai; 
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Brougbain-CMtK Mr. Brown's larfe new h^use; croised the Eden 
and tlie Ciukot (prooouuce Eemao) with its green vale« aiid diiicd at 
tlirce o'clock with Mrs. Bticlianan al Penrith* on trout and partridge. 
la the afCeruooQ walked up Beacon-hill, a mile to the iop» aud could 
•ee Ulswater through an opeiimg in the bosom of that cluster of 
broken mountains^ which the doctor well renienibers, Whinfiold and 
LowtJier Pnrks» &c. and the craggy tops of an hundred nameless 
hills ! these lie to the west and south. To the north a great extent 
of black and dreary plains. To the east, Cross-feU, just visible 
through mbts and vapours hovering round it. 

OcL 1. A grey autumnal day» the air perfectly calm aud mild, 
went to see Ulswater^ five miles distant ; soon leA the Keswick-road^ 
and turned to the left through shady lanes along the vale of Eemao, 
which runs rapidly on near the way, ripliog over the stones; to the 
right is Delmainey a large fabric of pale red stone, with nine win* 
dows in front and seven on the side, built by Mr. Hassle, behind it 
a fine lawn surrouuded by woods, am} a long rocky eminence rising 
over them : a clear and brisk rivulet runs by the house to join the 
Eeman, whose course is iu sight and at a small distance. Farther 
on appears Hatton St. John, a castle-like old mausion of Mr. Uud* 
dleston. Approached Dunmallert, a fine pointed hill covered with 
woo<l, planted by old Mr. Hassle before-mentioned, who lives al- 
ways at home, and delights in planting. Walked over a spungy 
meadow or two, and began to mount the hill through a broad 
straight green alley among the trees, and with some toil gained the 
summit. From hence saw the lake opening directly at my feet, 
majestic in its calmness, clear and smooth as a blue murror, with 
winding shores and low points of land covered with green inclo. 
sures^ white farm-houses looking out among the trees, aud catlia 
feeding. The water i» almost every where bordered with cultivated 
lands, gently slo|iing upwards from a mile to a quarter of a mile in 
breadth, till they reach the feet of the mountains, which rise very 
rude and awful with tlieir broken tops on either hand. Directly in 
front, at better than three miles distance, Place-Fcll, one of the 
bravest among ihem, pushes its bold broad breast into the midst of 
the lake, and forces it to alter its course, forming first a large hay 
to the left, and then bending to the right. I descended Dunmallert 
again by a side avenue, that was only not perpendicular, and came 
to Bartuu-bridge over the Eeman, then walking tlirough a |)atii in 

83 
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tlie wood round the bottom of the bill, eanic foiffa wberefbe Eenm 
iiviies out of Ihc faike» mod coDtinued my wijf aloog its western shore 
close to the water, aud generally on a level with it. Saw a eomio- 
rant flying over it and fishing. The figure of the lake nothin|; re* 
sembles that laid down in our aiaps : it b nine miles long; and at 
widest nnder a mile in breadth. Af^er extending itself three miles 
and a half in a line to the south-west, it turns at the foot of Place- 
Fell* almost due west, and is here not twice the breadth of the 
Thames- at London. It is soon again hitemipted by the root of 
Hevellyn, a loAy and very rogged inonntaui, and q[>reading agpie 
turns off to- south-east, and u lost among the deep recesses of tbe 
hiHs* To thia second ttimiog I pursued my way about four uaki 
along its borders beyond a village scattered among trees» and called 
Water.Mallock, in a pleasant grave day, perfectly calm and wana, 
but without a gleam of sunshine : then the sky seeming to lUckc*, 
and the valley to grow more desolate, and evening drawing on, I 
returned by tlie way I came to Penrith* 

OdL %• I set'oot at ten for Keswick, by tbe road we went in 176T; 
saw Graystock town and castle to the right, which lie about thRf 
miles from UUwater over tbe felb ; passed through Penradoch aad 
Threlcot at the foot of Saddleback, whose furrowed sides were gilt 
liy the noon-day sun, whilst its brow appeared of a sad paiple from 
the shadow of the clouds as they sailed slowly by it. The brood 
and green valley of Oardies and Lowside, with a swift stream glit- 
tering among the cottages and meadows, lay to tlie left, and tbe 
much finer but narrower valley of St. John's opening into it; HilL 
top, the large though low mansion of the Gaskarths, now a fium- 
house, seated on an eminence among woods, under a steep Ml, was 
what appeared the most conspicuous, and beside it a great rock, like 
some ancient tower nodding^ to its fall. Passed by the side of Skkl* 
daw and its cub called Latter-rig ; and saw from an eminence, at 
two miles distance, the vale of Elysium in all its verdure ; tbe sua 
then playing on tbe bosom of the lake, and lightbg up all the moiuu 
taius with its lustre. Dined by twa o*^clock at the Queen*s Head, 
and then straggled out alone to the Parsonage, where I saw thesaa 
set in all its glory. 

Oct 3. A heavenly day ; rose at seven and walked out under the 
conduct of my landlord to Borrowdale; the grass was covered with 
a hoar-frosty which soon melted and exhaled in a thm bluish smoke; 
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craned tiit metdawi^ oUkfiidj cttcbkig • diiersity of tiews among 
the hills over the lake and isbnidB^ awl changing pnMped at every 
ten paces. Xeft Cockshut (which we fbmeriy nounted) and Castle* 
Uli, a U*Oier and mote rugged htU liehind mt, and drew near the 
fcot of Wdlta-crag, whose bare and rocky brow cut perpendicularly 
down above four hundred feet (as I guess, though tlie people call it 
much more) awfully overlooks tlie way. Our path here tends to 
the Mt^ and tlie ground gently rising and covered with a ghule of 
scattering trees and bushes on the very margin of the water, opem 
both ways the most delicious view tliat ray eyes ever beheld; oppo* 
site are the thick woods of Lord Egremout and Newland-valley« 
with green and smiling fields embosomed in the dark cliA; to the 
left the jaws of Borrowdale« with that turbulent chaos of mountain 
behind mountain, rolled in confusion | beneath you and stretching 
fiir away to the right, the shining purity of the lake reflecting rocks, 
woods, fields, and bverted tops of hills, just rulBed by the breeze, 
enough to shew it is alive, with the while buildings of Keswick, 
Crosthwaite church, and Skiddaw for a back-ground at a distance. 
Behind you the magnificent heights of Walla.crag : here the glass 
played Its part divinely, the place is called Carfclose-reeds; and I 
chose to set down those barbarous names, that any body may in- 
quire on the place, and easily find the particular statkm tlmt I meaii. 
This scene continues to Barrow-gate ; and a littla firther, passing 
a brook called Barrow-beck, we entered Borrowdale: the crags 
named Lawdoor-banks begin now to impend terribly over your 
way, and more terribly when you hear that three years since an !■► 
mense mass of rock tumbled at once from the brow, and barred aH 
access to the dale (for this is the only road) till they could work 
their way through it. Luckily no one was passing at the time of 
this fall ; but down the side of the mountain, and far mto the lake, 
lie dispersed the huge fragments of this rum in all shapes and in aH 
directions : something fiirthcr we turned askle into a coppice, ascend, 
ing a little in front of Lawdoor water-fall ; the height appeared to 
be about two hundred feet, the quantity of water not great, though 
(these three days execpled) it had rained daily in the hills for near 
two months before ; but then the stream was nobly broken, leaping 
from rock to rock, and Ibamuig with fury. On one side a towerwg 
'tng that spired up to equal, if not overtop, the neiglibooring difis 
ttids lay all in shade and darkness) : on the other hand a rounder 

85 



tM SFHlNOSy RIVERS, CANALS, LAKES, 

broader projecting hill sliagged with wood, and il!iiii|iDated by Iht 
sun, i^hicb ghinccd sidew«\9 od the upfMr |Nirt of the cataract. The 
foice of the water wearing a deep channel in the grounri, hurries 
away to join the lake. We descended again, and passed the strtram 
over H rude bridge. Soon after we came under Goiidar.crag» a bill 
more formidable to the eye, and to the apprehension, than that of 
Lawdoor; the rocks at top deep-cloven perpendicularly, by I lie raini^ 
bunging loose and nodding forwards, seem just starting from tlieir 
base ui shivers. The whole way down, and the road on bolfa sides 
u strewed with piles of the fragments strangely thrown across eadi 
other, and of a dreadful bulk ; the place rerahids me of those pastes 
in the Alps, where the guides tell you to move on with speed, and 
say nothing, lest the agitation of the air should* loosen llie soom 
above, and bring down a ma^s that would pverwhelm a caravaOi I 
took their counsel here, and hastened on in silence. 

Non ragionUan di lor^ ma gwarda, e poJM / 

The hills here are clothed all up their steep sides with oak, stb, 
birch, holly, &g. some of it has been cut forty years ago, sook 
within these eight years; yet all is sprung again, green, fltfarisb- 
ing, and tall, for its age, in a place where no soil appears but tbc 
staring roi k, and « here a man could scarce stand upnglit : here ue 
met a civil young farmer overseeing his reapers (for it is now oat^ 
liarvcst) who conducted us to a neat white house in the village of 
Grai'ge, which is built on a rising ground in the midst of a valley; 
round it the mountains form an awful amphitheatre, and through it 
obliquely runs the Derwent clear as glass, and shewing under its 
bridge every trout thai passes. Beside the village rises a round 
eniiucnce of rock covered entirely with old trees, and over that more 
proudly lowers Castle-crag, invested also with wood on its sides, 
and bearing on its naked top some traces of a fort said to be Ro- 
man. By the side of this hill, which almost blocks up the way, the 
valley turns to the left, and contracts its dimensions till there is bardij 
any road but the rocky bed of the river. - The wood of the moun- 
tains increases, and their summits grow loftier to the eye, and of 
more fantastic forms; among them appear Eagle's^cliff, Dove's- 
nest, Whitedale.pike, &c. celebrated names in the annab of Kcs- 
wick. The dale opens about four miles higher till you come lo 
Seawhaitc (where lies the way mounting the liills to the right that 
leiids to the Wadd- mines) ; all farther access is here barred to pry- 



iny Miteb« ody tlMra it a UUlepilh wtndiogofcrllic Mb, and for 
some weeks io die year passable to the dalesmen ; but the moun* 
tabs know well that these imioceut pe^e will not reveal the mysle. 
ties of their ancient kingdom, " the reign of Chaos and Old Night ;*' 
only I learned that this dreadful road, dividing agaJD, leads one 
branch to Ravenglas» and the otJier to Hawkshead. 

For me I went no farther than the ^rmer's (better than four 
miles from Keswick) at Grange ; his mother and he brought us but* 
ter that Siserab would have jumped at, though not in a lordly dish, 
bowls of milk» thin oaten-cakes, and ale ; and we had carried a 
coM tongue thither with tit. Our farmer was himself the man, that 
last year plundered the eagle*s eyrie ; all the dale are up in arms on 
such an occasion, for they lose abundance of lambs }early, not to 
mention hares, ^rtridges, grou:ie, &c. He was let down from the 
cliff in ropes to the shelf of the rock on which tlie nest was built, 
the people above shouting and hollowing^ to fright the old birds, 
which flew screaming round, but did not dare to attack him. He 
brought off the eaglet (for there is rarely more than one) and an 
addle egg. The nest was roundish, and more than a yard over, 
made of twigs tivisted together. Seldom a year passes but they 
take the brood or eggs, and sometimes tliey shoot one, sometimes 
the other, parent ; but the survivor has always found a mate (pro** 
bably in Ireland) and they breed near the old phce. By hb descrip- 
tion I learn, that this species is the erne^ the vulture uidicUlm of 
Linn^us, in his last edition (bat in younfalco aibidiiaX so consult 
him and Pennant about it 

We returned leisurely home the way we came ; but saw a new 
landscape ; the features indeed were the same in part, but many 
new ones were disclosed by the mid-day sun, and the tints were en- 
tirely changjed ; take notice this was the best, or perhaps the only 
day i^ir going up Skiddaw, but I thought it better employed ; it 
was perfectly serene, and hot as midsummer. 

In the evening I walked aloi^e down to the lake by the side of 
Crow, park after sunset, and saw the solemn colouniig of night draw 
on, the last gleam of sunshine fading away on the hilUtops, the deep 
serene of the waters, and the long shadows of the mountains thrown 
across them, till they nearly touched the hithermost shore. At a dis. 
tance were heard the munDurs of many water-fiilb, not audible in the- 

84 



ft04 spmivGti miTsmt, canals, laku, 

day-time; I wiibcd for the moon, but she ww dark ie tme ami 
siUni, ,' 

Hid in tier vaouiC ioterlttiiar cate* 

OcL 4. I walked to Crow.park, dow a rough puture^ once a 
glade of aacient oaks, whose large roots still reiiiaio ou the ^roundf 
but Dothiug has S|>niDg from them. If one single tree had remaiiwd» 
this would have heen ao unparalleled spot ; and Smith judged tighU 
when he took bis print of the lake from beuce, for it ia a gentle 
eminence, not too higb^ on the ver^ margin of the water,' and com. 
niauding it from end to end, lookhig full into the gorge of Borroir. 
dale. I prefer it even to Cockshut-hill which lies beside it, and to 
which I walked in the afternoon } it b covered with youug trees both 
sown and planted, oak, spruce, Scotch-6r, ^c.all which thrive woa- 
deifully. There is an easy ascent to the top, and the view Ar pic» 
ferable to thaf on Castle. hill (which you remember) l>ecmuae this is 
lower and neBier to the lake : for I 6nd all points, that are OMidi 
elevated, spoil the beauty of the valley, and make ita parts, which 
are not large, look poor and diminutive. . While I was here a little 
shower fell, red cbiuds came marching up the hills from the eail^ 
and part of a bright rainbow seemed to rise along the aide of CastlOi 
hill. 

From hence I got to the Parsonage a little before aao-iet, and 
saw in my gla»s a picture, that if I could transmit to you, and fix it 
in ull the !»oftuess of its living colours, would fairly sell for a thou- 
sand pounds. Tliis u the sweetest scene 1 can yet discover in point 
of pastoral beauty ; the rest are in a subliuier style. 

Oct. 5. I walked through the nieadows» and corn-fields to the Der- 
went, and crossing it went up How- hill; it looks along Bassingthwaitp 
water, and sees at the same time the course of the river, and a part 
of the upper-lake, with a full view of Skiddaw ; then I took my way 
through Porting^kall village to the Park, a hill so called, covered 
entirely with viood; It is all a nla^s of crumbling slate. Passed 
round its foot between the trees and the edge ot the water, and 
came to a peninsula that juts out into the lake, and looks along it 
both wa\s ; in front rises Walla.crag and Castle*hill, the town, the 
road to Penrith, Skiddaw, and Saildleback* Returning, met a 
a brisk and cold north.eastern blast that ruffled all the surface of 
the lake, and made it rise in little waves that broke at the foot of 
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Uw W9ti. After diMMr wjlhcd vptiift Pettritli vomI two nrilety or 
mure^ aod turamg into a coru.fitld to tlie right* called Castle-rig,' 
taw a Drutd^drde ot large atones, 108 Icet io dnimeter, the bij^Kest 
Bot eight ieet high, but most of iheni still erect ; they are tifty in 
BUQiber. The vaiUejr of St. John's appeared in sight, and the sum* 
mils of Catchidecam (called by Camckn, Casticand) and Helveliyn, 
said to be as high as Skiddaw, auJ to rise from a much higher 
base« 

Oei. fi. Went ia a chaise ei^bt miles along the east side of Bas. 
•ingthmrait.water to Ousebridge (pronounced Ews*bridge); tlie 
road in some part made and very good, the rest slippery and dan* 
ga^« cart-road, or narrow and ru|i;gi'd lanes, but no precipices ; 
it rons directly along tiie foot of Skiddiiw ; opposite to Widhopo. 
brows, cloatbed to the top with wood, a vfry beautiful view opens 
down to the lake, which is narrower and longer tiNin that of Kes- 
wick, lest broken into bays, and witbotit islands. At the foot of it^ 
a few paces Ifom the brink, gently sloping upwards, stands Ar* 
wathwaite In a thick grove of Scotch firs* commanding a noble ?iew 
directly up the lake : at a small distance l>eliind the house is a large 
extent of wood, and still behind this a ridge of cultivated bills, on 
which, according to the Keswick proverb, the sun always $kine$% 
The mliabitants here on the contrary^ call the vale of Derweiit-wa« 
ten the DevilU Chamber-pot^ and pronmmce the name of Skid^ 
dmw fali, which terminates here, with a sort of terror and aversion* 
ikrmatbwaite hoii.se b a modem Inbric, not large, and built of dark* 
t€ik stone, belonging to Mr.8peddiug, whose grandfother was 
steward to old Sii James Lowtlier, and bought this estate of the Hi* 
JBiers. The sky was overeat and the wind cool ; so, after dining at 
a public-house, which stands here near the bridge, (that crosses tbe 
fierweut just where it issues from the lakt) and sauntering a little 
by tbe water-tide I came home again. The turnpike is finished 
from Coekenaouth hither, five miles, and is carrying on to Penrith : 
several Utile showers to*dav« A man came in, who said there was 
snow on Cross-fell tbb morning. 

Oct. 7« I walked in the morning to Crow park, and in the even, 
ing up Penrith road The doods came rolling up the mountains all 
round very dark, yet the moon shone at intervals. It was too damp 
4o go towards the lake, To*morrow I mean to bid farewell to 
Kctwkk. 
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Botany might be studied here to gre«t sdvutefe st uiotli^ 
•on, because of llie great variety of toils and elevaliom, all lying 
widiiu a small compass. I observed nothing bnt several eurioas 
liclienst and plenty of gale or Dotcb niyrtle perfamiiig tbc borden 
of 4be lake. Thb year tlie Wadd-mine bad been opened, which is 
done once in five years ; it is taken out in luunps sometinaes at big 
as a muu's tisr, and will undergo no*pteparation by fire* not bemg 
ftu»ible : Hlien it b pure, soft, black, and close-grained, it b worth 
sonieiinies thirty sliillings a pound. There are no cbar ever taken 
ai these hikes, but plenty hi Butter-mere-water, which liea a Utile 
way north of Borrowdale, about Martuimas, which are potted hcie. 
They sow chiefly oats and bigg liere, which are now cattiog and 
still on the ground ; the rains have done much hart : yet observe, 
the soil is so thin and light, that no day has passed in which I 
could not walk out with ease, and you know I am no lover of dirt* 
Fell mutton is now m season for about six weeks ; it grows fat on 
the mountains, and nearly resembles venbon. Excellent pike and 
perch, here called Bass ; trout b out of season; partridge in greet 
plenty, 

Oct. 8. I left Keswick and took the Ambleside road in a gloomy 
momiiig ; aud about two miles from the town mounted an emi- 
nence called Castle-rigg, and the sun breaking out> discovered the 
most enchanting view I have yet seen of the whole valley behind 
me, the two lakes, the river, the mountains, all in their glory j 
so that 1 had almost a mind to have gone back again. The road 
m some few parts b not yet compleated, yet good country road» 
through Sound but narrow and stony lanes, very safe in broad day- 
light. This is the case about Causeway-foot, and among Naddle- 
fells in Lnncwaite. The vale you go in has little breadth ; tlie moun* 
tains are va!»t and rocky, the fields Utile and poor^ and the inhabi- 
tants are now making hay, and see not ihe sun by two hours in s 
du\ so long as at Keswick. Came to the font of Helvelljrn, along 
which runs an excellent road, looking do%vn from a little height on 
Lee's water, (called also TliirUineert or Wiborn-water) and soon 
descending on its margin. The lake l«>oks black ftom its dqpth,aDd 
from the gloom of the vast crags that scowl over it, though really 
clear as glass; it is narrow, and about three miles long, reaembliug 
a river in its course ; little shining torrents hurry down the rocks to 
join it, but not a bush to overshadow them, or cover their naicfa ; 
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all k look •r loose Omm up to tbe verjr l>rov, wbkh tics to new 
Your way, tliat not above half tbt bdglit of Helvdlyn can be 
eeeiu 

Next I passed by the little chapel of Wibora, out of which the 
Sunday congregation were then isauing ; soon after a beck near 
Dunmeil-raise> when I entered Westmoreland a second time ; and 
iiow began to see Uolmcrag, diitiuguisUed from its ragged neigh- 
bours, not so much by its height as by the strange broken outlines 
oF its top, like some gigadtk: building demolislied, and the stones 
that composed it flung across each other in wild confusion. Just 
beyond it opens one of the sweetest iandscaps that act ever attempt* 
e<l to imitate. The bosom of the mountains spreading here into a 
broad bason discovers in the midst Grasniere. water; its margin is 
hollowed into small bays, with bold eminences; some of rockt 
some of soft turf, that lialf-concealed, and vary the figure of the 
little lake they conmiand : from the shore, a low promontory 
pushes itself far into tlie water, and on it stands a white village 
with the parish church rising in the midst of it : hanging ioclosures^ 
com- fields, and meadows green as an emerald, with their trees and 
hedges, and cattle, fill up the whole space from the edge of tlie 
water ; and just opposite to you is a large fiu'm.house at the bottom 
of a steep smooth lawn» embosomed in old woods, which climb 
half-way up the mountain's skle, and discover above them a broken 
Ime of crags that crown tlie scene. Not a single red tile, no flariqg 
gentleman's house, or garden- walls, break in upon the repose of 
thb little unsuspected paradise; but all is peace, rusticity, and happy 
poverty in its. neatest most becomhig attire. 

Tlie road winds here over Grasmere-hill, whose rocks soon 
conceal the water from your sight ; yet it is continued along behind 
them, and, contracting itself to a river, communicates with Rkhile. 
water, another small lake^ but of interior siae and tieauty ; it seems 
shallow too, lor large patches of reeds appear prettjr far within it. 
Into this vale the road descends. On the opposite banks large and 
ancient woods mount up the hills ; and just to the left of our way 
stands Ridale-hall, the family seat of Sir Michael Fleming, a large 
old-fashioned fabric, surrounded with wooil. Sir Michael is now 
on his travcCsf and all tliis timber, far and wide, belongs to him. 
Near the house rises a huge crag, called Ridalc-head, which is 
said to command a full view of Wynauder-mere, and 1 doubt it 
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not: forwithinamUetbatgieatlalMMTiBiUe, eveofinom theimd; 
as to going up the crag» one might u well go up Skiddaw. 

I now reached Aiiible»iHe» eighteen miles from Keswick, meaoiag 
to lie there ; but, on looking into the best bed-chamber, dark aad 
damp as a cellar, grew delicate, gave up Wynander-roere ia 
despair, and resolved I would go on to Keodal directly, Ibarteea 
miles farther. 'Ihe road in general fine turnpike, but some parts 
(about three miles in all) not made, yet without danger. 

For this determination I was unexpectedly well rewarded : for 
tlie afternoon was fine, and the road, for the space of full five 
miles, raa along the side of Wynander*mere, with delicious views 
across it, and almost from one end to tlie other. It is ten miles ia 
length, and at most a mile over, resembling the course of some 
^rast and magnificent river; but no flat marshy ground^ oo 
osier-beds, or patches of scrubby plantations on its banks: at the 
bead two vallies open among the mountains ; one, that by which 
we came down, the other Langsledale, in whidi Wry.nose aad 
Hard-knot, two great mountains, rise above the rest : from tbenoe 
the fells visibly srak, and soften along its skies ; sometimes they 
run into it (but with a gentle decliidty) in their own dark and natund 
complexion : oftener they are green and cultivated, with lanm 
interspersed, and round eminences, on the border covered with 
trees : toward the south it seemed to break into knga bays, with 
several islands and a wider extent of cultivation. The way nses 
continually, till at a place called Orrest.head it turns sootb-east, 
losing sight of the water. 

lMaton*s edit, of Grab's Workt, 

, Loch^Lomond, and ihe adjoining Laketm 

NoRTH.BfiiTAiN may well boast of its waters; for so short s 

ride as thirty miles presents the traveller with the view of four most 

magnificent pieces. .Loch* Aw, Loch-Fine, Loch-Long, and Loch- 

Louiond. Two indeed are of salt-water ; but, by their narrow* 

ness, give the idea of fresh water lakes. It is an idle observation 

of travellers, that seeing one is the sanie with seeing all of these 

superb waters ; for almost every one I visited has its proper cha- 
racters. 

Loch.L«ven is a broad expanse, with isles and cultivated shores. 
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Lodul\qf nakcs tlm« boM wfadingt^ Ims steep bot alopmg 
tbores, cultinHeil to nnny parts, and bounded by ¥881 hills. 

Lach^Rtnnoch is broad and strait* has more wildness about itt 
with a large natural pine wood on its southem banks. 

Loch-Tuniel is narrow, confined by the siopmg sides of steep 
hills, and has on its western Ihnits, a flat, rich, wooded country, 
watered by a most serpentine stream. 

The Loch of Spime is almost on a flat, and its sides much in* 
dented. 

Loch-Moy is small, and has soft features on its banks, amidst 
rodo environs. 

Lodi*Ness is strait and narrow t its shores abound with a wild 
magoifioeooe, lofty, precipitbus and wooded^ and has all the great- 
ness of an Alpine lake. 

Loch.Oich has lofty roountains-at a small distance from its bor- 
ders ; the slioics indented, and the water decorated with isles. 

Locb-Loch wants the isles ; its shores slope, and several straitht 
terminate on its banks. 

Locb*Aw b long and waving : its little isles tuHed with tr^esy 
and just appearing above the water, its two great feeds of water at 
each eitremity, and its singular lateral discharge near one of them, 
snflicientfy mark this gieat lake. 

Loch. Lomond, the last the most beautiful of the Caledonian 
lakes* The first view of it from Tarbat preaedts an extensive ser* 
pentine winding amidst lofty hills: on the north, barren, bhick 
and rocky, which dkirken with their shade that contracted part of 
th^ water. Near thb gloomy tract, beneath craig Rostoo, was 
the principnl seat of the McGregors, a murderous cton, intamona 
lor excesses of all kinds ; at length, for a horrible massacre of the 
Golquhonns^ or Cabouns» were [ proscribed, and bunted down liko 
wild beasts ; their very name suppressed by act of council ; so 
that the temnant, now disperwd like Jews, dare not even sign it to 
any deed. Their posterity are still said to be distinguished amonf 
the clans in whidi they have incorporated themselves, not only by 
the redness of their bmr, but by their stiU retaining tlie miichievoua 
dispositions of their ancestors. 

On the west side, the mountamsare dothed near the bottomn 
with woods of oak quite to the water edge ; their summits lofty^ 
naked and craggy. 
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On the tusi nde, the aountaiM are eqiuiHy higliy but the topi 
fomo a more even ridge paraJle 1 to the lake, exce|)t where Bea* 
Lomond, like Sanl amidst his compaiiKMiSi overtops tlie rest. The 
.upper parts were black and barren; the low;er had great marks of 
fertility, or at least of industry, for the yellow com was fiuelj coo> 
trasted with the verdure of the groves intermixed with it. 

This eastern boundary 'w part of the Grampian hills, which ci« 
tend from hence through tlie counties of Perth. Angus, Meams, 
and Aberdeen. They take their name from only a single liOl, the 
Moot Grampius of Tacitus, where GNdgacus waited tlic mpproacfa 
of Agricola, and where the battle was fought so fatal to the biave 
Caledonians. Antiquarians have ^ not agreed upon the partieultr 
spot ; but Mr. Gordon places it near Conirie, at the u|>per cod of 
Strathern, at a place to this day called Galgachan Moor. But to 

return. 

The road runs sometimes through woods, at others ia exposed 
and naked ; in some, so steep as to requue the support of m wall: 
the whole work of the soldiery : blessed exchange of loatniiDeDts of 
destruction for those tliat give safety to the traveller^ and a polidi 
to the once inaccessible native. 

Two great headlands covered with trees sepante the first scene 
from one totally diflferent ; the last is called the Pdot of FfrUa. 
On passing this cape an expanse of water bursts at oooe oo your 
eye, varied with all the softer beauties of nature. Immediately 
beneath is a flat covered with wood and com : beyond, the head- 
lands stretch far into the water, and consist of gentle risings ; many 
have tlieir surfaces covered with wood, others adorned with trees 
hiosely scattered either over a fine verdure, or the purple bloom of 
the heath. Numbers of islands are dispersed over the lake of the 
same elevated form as the little cajies, and wooded in the same 
manner; others just peep above the surface, and are tu fled with 
trees ; and numbers are so disposed as to form magnificent vistoi 
between. 

Ot>posite Luss, at a small distance from shore, is a niountainoai 
isle almost covered with wood ; is near half a mile long, and has a 
most tine effect. I could not count the number of islands, but was 
tohl there are tweuty-eight : the largest two miles long, and stocked 
with deer. 

The length of tliis charming lake is ?4 Scotch miles ; its greatest 
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bwiiMi m^ : its gmitett ckptbi mkuk h betwecD tbe pobt of 
Firfcm and Ben-Lomondy is a hundred tnd tvrtnly fttboms. Betidci 
tiie fiali camnoo to tbe locbaare Giiiniads, called bere Poans. 

At this time were living at the little village of Lata tite foUowuif 
jieraoMy moat amaahig iostances of cotemporary longevitf ; and 
perhapa proofs of tbe uocoinmoii healtbineas of the' place. Tbaae 
eonpoae tbe venerable list ; 

Rev. Mr. Jaiiies Robertson, Minister^ aged. • . • 90. 

Mrs. Robertson, bis wife, 8& 

Anne Sharp, tbeir servant, ..•.. 94. 

Niel Macnaughtan, Kirk officer, 86. 

Christian Gay, bis mft, 94. 

Walter Maclellao, 90. 

Tbe country from Luss to the southern extremity of tlie lahf 
continually improves ; tbe mountains sink gradually into small hills; 
tbe land is highly cultivated, well planted^ and well inhabited. I 
was atrnck with rapture at a siglit so long new to me : it would 
have been without alloy, bad it not been da5ihed with the uncer* 
tainty whether the mountain virtue, hospitality, would flourish with 
equal vigor in the softer scenes I was on the point of entering on ; 
for in the Highlands every bouse gave welcome to tbe traveller. 

On tbe road side near Luss is a quarry of most excellent slates ; 
and near the side of the lake, about a mile or two farther, is a 
great heap of stones in memory of St MacKtssog, Bishop and 
Confessor, who suffered martyrdom there A. D. 520, and was 
buried In Comstraddan churdi. 

Tbe vale between the end of the lake and Dumbarton is unspeak* 
ably beautiful, very fertile, and finely watered by tbe great tnd 
rapkl river Lewtn^ tbe discharge of the lake, which, after a short 
coarse, drops into tbe Firth of Clyde below Dumbarton : there is 
aeareely a spot oo its banks but what is decorated with bleacberies, 
plantations and viilat. Nothing can equal the contrast in tfafa dayls 
journey, between the black barren dreary glens of the morning 
ride, and the soA scenes of the evening, islands worthy of the re* 
treat of Armida^ and which Rinaldo himself would have quitted 
with a sigh. 

Before I take>niy last leave of tbe Highlands, it will be proper to 
.observe that every entrance into them is strongly marked by nature. 
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Oo tbc touih, the narrow and wooded glcD mar Dmikcld iailaiiU 
\y shews the change of coonlry. 

On the eaiit, the craggy pass of Bollitir gifes a cootneted adaib 
aion into the Qrampmn hills. 

Oil the north, the mountains near Loch.May am>ear very aear» 
■od form what is properly styled the threshold of the country ; and 
on the west, the narrow road im|>endiog over Loch-Loroood fonw 
a most characteristic entiance to this nioontatnoas tract. 

But the Erse or Galic Umguage is not confined within these fi* 
mits ; for it is spoken on all sides beyond these mouutaina. On the 
eastern coast it begins at Nairn ; on the western, extenda over al 
the isles. - It ceases in the north of Cathnen» the Oilniey8» and the 
Shetland islands; but near Loch.Lomond, is heard at Lnss^ at 
Bnehanan, east of the lake, and at Roseneth, west of it. 

The traveller, who has leisure, should ride to the eminence ef 
Miliegs, to see the rich prospect between Loch*Loniottd and the 
Clyde. One way is seen part of the magnificent lake, Ben-LoBoad 
and the vast mountains above Glen.Crow« On the other band ap» 
pears a fine reach of the Clyde enlivened wHh shipphig, a view ef 
the pretty seats of Roseneth and Ardincapel, and the bnty towns 
of Port-Glasgow and Greenock. 

[PennamiU Tour im Se&iimmd. 

Lock^Nesi. Bt/ the Rev. Mr. James JPrater; 

Loch Ness, according to our Highland tradition, took its name 
from Nisus, an Irish hero^ who, with Dornadillo his wife, settled a 
colony in Stratharig. The promontory on which he had his residence 
is to tliis day called Doun Dearuill ; and he being the first that ever 
oftVred to set out boat or barge u|K>n this lake, it 19 after him called 
Locli-Ness. It is 24 miles iu length, and m most parts two ia 
breadth. In many parts of this lake it has been sounded, widi 
more than 500 fathoms of line, but no bottom found. The banb 
of this lake are high and mountaiuous, with woods. The Me 
never freezes, which is imputed to the many great springs and 
fountains in it : the only fish in it is salmon. This lake dischaigei 
itself into a river of the same name, six miles in length, whkk 
never freercs, but always smokes with frost. On the north side 
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of Lolli.Ness •tflndsy oii*a rod^, tbe fiunoos cattle of Urqhait; the 
grdit ditch foaod it was for the most part cot out of the rock» 
and recehred water from the lake* This castle consisted of sereti 
great towers, and it is said was built by the Cuminees, or Ciunings» 
but was demolished by King Edward the First of England, leaving 
only one tower to the east, still remaining. About foar miles to 
the westward of this castle, on the side of Loch«Nes^ stands that 
great mountain Meal-fuor.vouny, of a round shape, and very 
highp esteemed two miles of perpendicular height from the lake. 
On the very top of thb hill b a lake of cold fresh water, about 80 
fathoms in length, and six broad, no course or stream rmming 
either to it or from it. The bottom of it cannot be sounded. With 
100 fathoms of small line I could find no bottom. It is alwaya 
equally fult and never freezes. 

There is, due west, from the end of the river Ness, an arm of 
the sea, called Beuty Frith, six miles in length and two in breadth. 
The bottom seems to have once been firm land, for near the middle 
of it are found long oak trees, with their roots entire, some al>ove 
60 feet in length, lying covered with the sand, which doubtless 
have grown there ; there are also three great cairns or heaps of 
stones in this lake, at considerable distance from each other; ona 
of a huge size, in the middle of the Frith, is accessible at low 
water, and appears to have been a burial place, by the ums which 
are sometunes discovered. As the sea encroaches and wears the 
banks upward, there are found long oaken beams of 20 or 30 feet 
long, some of them 8, 12, or 14 feet under grotind. I saw one of 
tbera 14 fiset long, that had the mark of the axe on it, with several 
augre bores in it. The river Beuly, whidi fails into this arm of the 
sea, near Lovat> has sunk so low that oaken trees of great length, 
and 16 feet under ground, are discovered in the banks, with layera 
of sand, gravel, clay, and earth over them ; and we have found 
some oaks, with coals, and pieces of burnt timber, as low as l6 
feet deep. 

About 17 miles due west from Beuly, there is a forest called 
Ail^aruck, in which there is a mountain called Glenin-tea, and oa 
the north side, under the shade of a great sloping rock> stands a 
lake of fresh water, called Lochan Wyn, or Oreen Lake, 18 feet 
in diameter, about a fathom deep, which is always covered with 
ice, summer and winter. The next mountain, north of that, is 
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•ailed Scfire-in-Lappich; oo the top of which ii a vast Keapcf 
vrhite stones h'ke crystal, each of them larger than a maD can Ihrowy 
which flrike fire like flint, and have the sinell of aea-weed. Oa 
tUs mountain are found also oysteti scallop, and limpel-shcl^ 
though ten mites from any sea. Round thn hill growa the aca pini^ 
in Irish, teartai;, hitring the taste and colour of that which grows 
an the sea banks. 

The Pagan tem|>l€s, or high places of idolatry, are still very na- 
merous here ; o» the river side of Narden I reckoned 13 in t«a 
miles : they are round, and at the west end have two high slaan 
like pyramids; there is an outer and hiner circle of leaaer atoao^ 
and a round mote in the centre for the sfKriiices. Another aoit of 
Ibem is only of earth, with a trench round ahoat, and m aaote ii 
the middle. In many of these I find a round heap of ttooca with 
ams in them. It seems adiflferent religion afterwarda chaagBd 
these places af worship into burial places. 

[PhiLTrm. 1699^ 

Lough^Neagh. 

Most of the ancient writers, who have treated of IrefaKid, have 
4nentioned the peculiar qualities of Lough -neagb, of tnmmg wood 
mto stone ; some of them ^ have gone so far as to saj> thai it would 
turn that part of the wood which was in the mod into iron ; the 
part in the water mto stone ; while the part abofe water reaiained 
wood. 

Some later writers, particularly Wm. Molynenx, Francis Nevii, 
and Edward Smyth, and from them the late Dr. Woodward f, aod 
others |, seem rather to think, that this petrifying q^uality does not 
lie so much in the lake itself^ as in the ground near or about it. 

Mr. Edward Smyth §, who enlarges most on this subject, aod 
teems to liare led the others, and drawn them into his opbioa, 
tells us, " That no experiment or observation yet made, which kt 
had heard of^ could prove that this lough has really the qualhy of 



• Boetias Hist. Gem. et Lap— Orig. 
-f Catal. of EnglUh Fossils, pari Q, p. 19. — Orifr 

J Sir Juies Ware's Aati<i. by Walt. Harris, p.8«7. edit. 1747, Mo^ 
Orif. 
^ Aflerwardt Bishop of Jiown.. See PliU. TnauHa. 174.- 
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petrifylbg WQod, or that the water does any tray help or promote 
the petrificatioo.'* He tliere gives an example of a geDtleman of 
worth and credit, ** who liad fixed two stakes of holly in two dif- 
ferent places of the loughi^ near that place where the npper-bann 
enters into if, and that the parts of the stakes which had been wash* 
cd by the water for about nineteen years, yet remained there with* 
out any alteration^ or the least advance to petrifaction.*' 

Another reason for his doubting of this quality is, ^*That though 
it is reported that the water has this virtue, especially where the 
black.water discharges itself into the lake, yet that as it seems evi^ 
dent^ from the nature of liquid bodies, that any virtue received in 
one part most necessarily be diffused through the whole, at least in 
some degree ; therefore, says he, there is good reason to believe^ 
that the water is wholly destitute of this petrifying quality i'* but t 
few lines lower he tells you, " That he had sufficient ground to con* 
jecture, that other wood as well as holly had been petrified about 
this lough ; because some fishermen, being tenants to a gentleman 
from whom he had this account, told him, that they had found 
buried, in the mud of this lough, large trees, with all their branches 
and roots petrified; and some of that size, that they believed they 
could scarcely be drawn by a team of oxen ; that they had broken 
off several branches as thick as a man^s leg, and many thicker, but 
could not move the great fruuL'* 

He supposes Mr. Smyth, or the gentleman his friend, saw these 
branches, and was thereby convinced of their real petrification, as 
be was by the bulk of those trees of their being oak, and not holly ; 
** because, says be, no other tree in that country, these excepted, 
grows to that vast sice ; at least it is certain that holly never 
does.** 

But how Mr. Smyth came to be convinced, that these trees wei:e 
oak, and not holly, and yet was not convinced of the petrific qua- 
lity in some parts of the lough, though these trees were found petri- 
fied in its mud, is amasing ; for if a team of oxeh could scarcely 
draw them from thence, it must be as hard to draw them from any 
adjacent ground (where they must have grown, lain, and be petrifi. 
ed) into the mud of the lake, where they were afterwards found : 
for it must be supposed, that either these trees grew on the banks of 
the lake, and, through age, or any other accident, fell into the 

water or mud, and were there petrified ; or that, with great labpvr 
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and expcDie, tbcy were brought mto it from some adjacent groarn^ 
after their actual petrification, which is hardlj to be supposed. 

Mr. Smyth telb you further, that '< Two gentlemen of the nortfc 
of Ireland where this lough lies, had told him, that they bad scco 
tbe same body» partly wootl, and partly stone; but the only reason 
for thinking so, being the diversity of colours* which migbt weO 
enough proceed from several degrees of petri(icatioo» we may pro- 
perly think them deceived ; for they made no experinieot on that 
part which they reputed wood. The bark is never found petrifieil 
as he was informed by a diligent inquirer; but often aomewhat nU 
ten about the stone, answerable to the bark.'' 

Mr. Smyth contradicts himself no less in his last supposition, thsi 
be did in tiie first. His friends assured him» that they bad seen oae 
or more of the Lough* neagh stones partly wood and partfy stone; 
but ihey were deceived, he says : the diversify of colours, by wfaid 
they judged one part of the stone by its colour to be wood, and tbe 
other part likewise, by its colour difiereut from the other, to be 
stone, were no more than different degrees of petrification.* What 
mre we to understand by these different degrees of petriAiction? bv 
Ibis something rotten about the stone oflen found? if not. Chat 
•ome part of the wood was actually turned into stonei some other 
part in a degree less petrifii'd, and some other part not petriBed at 
all, as these gentlemen assured him: tbe diversity of colours, see* 
ing and feeling, was enough to convince them, and to determine 
the point, 

*' The earth, says the great Robert Bo>le •, harbours diflfi-mt 
kinds of petresceut liquors, and many of them impregnated with 
one sort of mineral or other.** There are no springs, no waters, 
but are more or less impregnated with such mineral and saline par- 
ticles; which appears from the most limpid; which after evapora- 
tion, still in the residuum, gives some particles of salt, with some 
stony and mineral ones. 

Mr. Smyth has found by experience, that petrifying springs sre 
generally impregnated, some with calcareous and particles of other 
stones, and others with ferrugiueous and vitriolic particles. Those 
of the stony or calcareous kind, when they drop on wood, or other 
vegetables, act on them for the most part by incrustation, havint; 
different degrees and periods for their respecttre incnistations and 

« R, Boyle, of the Origio and Yiriaes of Geiiis.~-Orig. 
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coalitiooa» which yet adhere close to each other: they seldom turn 
the wood ioto stone ; but, sticking to the wood, plants, ^c. coagtu 
late 00 it, and by degrees cover il with a crust of a whitish sub* 
stance of dililrent thickness, by which tlie wood is imuierged or 
wrapped in a stony coat, which, if it be broken before the wood be 
rotten, ybu find it in the heart of the stone or incrustation^ as is 
seen iu those petrifications at Maudliog meadows in Oioucestershire, 
at Hermitage near Dublin, and many other places : or, if the wood 
be rotten, }ou will find a cavity in the stone, which very often is 
filled by a subsequent incrustation or petrification ; the stony parti* 
cles tliea taking the place of the rotten wood« 

Sometimes indeed, these waters, permeating tlie pores of 4he 
wood either longitudinally or transversely, insinuate themselves into 
lliem, fill them up with tlicir stony particles, swell, and, by their 
burning or corroding quality proceeding from the hme*stone, de- 
stroy the wood, and assume the shape of the plant, the place of 
which they have taken. 

These petrifications generally ferment with acids and spirit of 
i^itriol, and by calcination may be reduced to lime* 

Ferrugioeous or metallic petrifying waters mostly act by insina* 
ating their finest particles through the pores and vessels of the 
wood, or other vegetables, without increasing their bulk, or alter* 
iDg their texture, though they greatly increase their specitic gravity : 
and such is the petrified wood found in or on the shares of Lough- 
neagh ; for it does not show any outward addition or coalition erf 
forcmg matter adhering to, or covering it (except in some places, 
where a thin slimy substance, taken notice of hereafter, is sometimes 
observed.) but preserve the grain and vestigia of wood ; all the al- 
teration is in the weight and closeness, by the mineral particles 
pervading and filling the pores of the wood : these stones, or rather 
wood stones, do not make the least eiiervescence with spirit or <n1 
of vitriol, nor aquafortis; which sliows that they are impregnated 
with metalline particles, or stony ones, different from the calcareous 
kind; and may be the reason why the petrified wood, mentioned 
by N. Grew *, made no ebullition, at which it seems he was snr. 
prised f. These stones he could not reduce into lime by the most 

• Rejf . Soc. Mus. p. «70.— Orrg. 

-I- This contradicts an ob<enration of Mr. John Beaamont, (Ptiil. Tnuii. No. 
129), That mostly mineral stones will stir wltli acids ; wliereas all Ihqie tliat I 
hafeiried, whether En^lisb ox Irish, did not at all stir with adds.— Orif* 
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iDtense fire« nor, with proper ingredients, procure a vetrificfttion or 

fiision*. 

Thoagh mines have not perhaps been discovered near the lough, 
there is reason to believe that there are such in its neighbourhood, 
from the great quantity of iron-stones found on its shores, and 
places adjacent to it, and from the yellowish ochre and clay to be 
met with in many places near it. Of these irou-stones^ which are 
very ponderous, outwardly of an ochcrish yellow colour, and in* 
wardly of a reddish brown, he calcined many, and found the pow* 
der of all to yield strongly to the magnet. Gerald Boate t mentioDS 
an iron mine, in Jhe county of Tyrone, not far from the loo^b, and 
such others at tlie foot of Slew-Gallen mountains. 

That mines are generated and found in the bowels of bilb and 
mouutahis, is obvious to any that have the least knowledge of me- 
tallurgy ; and that springs also proceed from mountains, is no less 
obvious ; therefore should a spring happen in the bowels of any 
of these mountains to run through a vein of mineral of aoy kind 
whatever, it will wash and dilute some parts of such mineral, im. 
pregnate itself with the unctuous, saline, and metallic particles of 
such mines, and convey them along with its watek*; and if in ito 
way, whether under.ground, or at its issuing out of the cliffk of a 
mountain, of the sides of a river, or of the lake in question ; or 
whether it rises uuder water, in the middle of such a river or lake 
in any particular place, and in its course meets with wood, vegeta- 
bles, or any other lax bodies (lodged in the mud or gravel), whose 
pores, by the natural heat of the mineral streams, or any other 
accident, being open ami duly prepared, these metallic molcculse 
and saline particles will penetrate through, insinuate and lodge 
themselves in the pores and vessels of such wood, &c. fill them up, 
and, by degrees, turn them into stone t ; " There being some of 
these lapidescent juices of so fine a substance, yet of so petn^ing a 
virtue, that they will penetrate and petrify bodies of very different 
kinds, and yet scarcely, if at all, visibly increase their bulk, oi 
change their shape and colour.'' 



• Stones of tlie calcareous kind torn to lime by calcination, and fenKOt 
with acids i but otiier kinds, socb as slate, fire-slone, free-stone, tag, giiU, 
&c. will do neither, as rzperiencc has hitherto testiiedt—Orif. 

f Nat. Hist, of Ireland, Dob. 1726.— Orig. 

t Rob. Boyle of Gems, p. 184, Svo—- Orig. 
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TM tneh ipriofs tbefe are, hiddM vnilcr the water <9r mad of 
this inke^ will apf>ear probable^ from what has bceu sak!, and per* 
baps evident, from the accounts since received, that in the great 
Irost of 1740^ the lake was frozen over so as to bear men on home- 
Imcky yet several circular spaces continued unfroaen. But how 
several attempts, made, as mentioneH, by Messrs. Af oluieua, Ne» 
▼ii, and Smyth, to procure wood half petrified <by fixing stakes o£ 
holly in the lake, which received no alteration) proved amnccessiy, 
the reason I think is plain, becatise they weie not fixed in the pro* 
per place, vie. the course or vein of the springs where nothing bnC 
chance coold have directed thenu This petrified wood is often 
found in difierent places on the shores of the lough, 'but generally 
in greater plenty when the water has been disturbed by great 
•torms; which makes it impossible to fix on the particular place 
where the petrifying juice most prevails ; except a tree, or any 
larger piece, should be found so fixed as to resist the force af 
Che waves. , 

That this petrific quality is in some peeuliar parts of the lake, he 
lias endeavoured to prove ; that it is or may be in some peculiar 
places of the adjacent ground, he grants ^ though as yet be could 
not procure any of those stones found in the ground, with wood 
continuous. Such as he has seen, are of the white whetstone knid; 
and seem to be holly or ash, petrified by some strong nitrous and 
stony particles : for, in a solution of it in aquafortis and oil of vi. 
triol. it leaves no tincture, but the liquor growing muddy, like 
pipe. water after great ratn^, and therefore shows tliat they are w^ 
so strongly impregnated with metalline particles, as those stones 
found in or on the shores of the lake. 

Mineral streams or exhalations, being highly saturated with 
stony and mineral particle^ are oAen found to have a petrifying 
virtue, as is seen at the bath called Green . Pillars * in the city of 
Buda in Hungary. If such streams should, in certain places, find 
or force their way through the sand or pores of the earth, they may 
operate on wood, &c. buried in the ground, permeate its vessels, 
and by degrees turn it into stone ; and such is the most probable, 
if ilot the only reason, that can be assigned for thotte petrifications 
l»f wood found in sand, as mentioned by Boyle and Plot. 

• Pidloi, Tlraas. No. 50.— Orig. 
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He reoemd last simmer, 1745» from a friend abbot thirty of 
tbcae stoncty foand oo the shores of the hJie, some in the water, 
some in the mud, some in the sand, and others in a yeHowiafa day* 
That they were petrified in the lake is probable, but whether in the 
water, mud, sand, or clay, is no matter ; for certain it is (to nse 
Mr. Smytli's own words), that they were not brought hither from 
any distaRce, such as 2, 4, 6, 8 miles, after beiug dug out of the 
ground, and then thrown and dispersed on the shores of the lake : 
and besides, the difference in the colour of these stones^ those foaad 
in the lake, and those found in the ground somewhat distant fraai 
it, is such that they cannot well be mistaken for each other. These 
fimnd in the ground are white, and of a looser texturtf ; thoae (boad 
in or on the shores of the lake are black, closer, and heavier. 
That these last were petrified by a mineral sprmg, appeals finsm 
the lew following observations. — ^They do not ferment wiUi adds, 
spirit and oil of vitriol. The solution of this stone in aqnafbrtii 
gives a beautiful red tincture; and in oil of vitriol leaves a tiodnie 
of a brown dark red. The woody part of these atones in aqwifbrth 
also gives a red tincture, though somewhat paler; and^ when takcn> 
out of the liquor, shows red spots in its pores, which he takes to be 
particles of iron and sulphur : these spots, when the wood b^an to 
dry, became black ; and the wood, when dry. turned of the colour 
of a deep red Jesuit's.bark. 

In some of these stones, several curious veins, of a red and bluish 
colour are very remarkable, being intermixed with black and white 
strife. Having broken some of them, be found in the inside a kind 
of white, and several clusters of small white and black angular 
crystals, which through the inicrosco|)e appear transparent, and of 
different shapes, but mostly hexagonal. He discovered such crystals 
in some of the woody part of these stones. 

One piece of a white stoue he calcined in a crt^cible fqr twenty- 
four hours, but could neither red^ce it to coal iior lime. The 
powder yielded faintly to the m^ignet. This stoue was found is 
the ground at some distauce from the lake. One piece of a black 
stone, found in the lake, he likewise calcined for twenty.four hour^ 
and could qot reduce it to coal or lime : the powder yielded briskly 
to the magnet. He calcined one piece of another stone, about o^e 
inch thick, for about four hours, in an iiiteuse fire, till it grew a& red 
as it could bt, when be took it out of the crudble. He Qbserved 
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TV of an inch thicks and when reduced to powder* it applied strongly 
to the magnet. 

In other stones he found some veins of wood, about one and two 
inches thick, no way petrified^ though the stones were every wheie 
so outwardly. Some of that woody part he also burnt in a cradble ; 
it emitted a bluish flame, as if impregnated with sulphur, and bad 
the strong smell of burning charcoal. ' When burnt to a coal« and 
reduced into powder, it famtly yielded to the magnet 

He calcined another of these stones, weighmg 1 ox. 13 dwti» 
^^i ^^•i ^ft^f burning four hours it weighed only i oa. 10 dwta. 
8j( gr. which lost 3 dwts. 4 gr. ; whidi proceeds probably from inb« 
petrified veins of wood in the heart of the stone, which were de» 
stroyed by the fire, as in the crucible it emitted now and then • 
bluish flame, like brandy when bjumiug. This stone, when takes 
out of the crucible, and cooled, had the colour of iron, when heated 
in, and cooled from the forge. 

Part of another stone, which by visible veins of ore, appeared to 
contain a good deal of iron, he likewise calcined for four hoorss 
the powder yielded most surprisingly to the magnet ; so that it i^ 
pears, that the opinion of Nennius, Boetins, and other andenl 
writers, was not absolutely destitute of foundation. 

The white wood-stones are generally found in the grooad at 9» 
4, 6y and 8 miles distance from the lake, aud sometunes very dup 
in the earth. The black ones are always found in the water^ or otf 
the siiores of the lough ; sometimes at the mouths of rivers or rin^ 
lets that empty themselveM into it ; but those with wood coutimioai 
have not yet been found above twenty yards distance from the wa« 
ter of the lake ; that is, where the water reaches m the wmter, or 
at other times. 

Some of these stones are outwardly covered with a thus white sub- 
stance, which has run through the pores of that part of the stone that 
was exposed to the air, and not covered by the water, mud, or day; 
and on some others it is rather an incrustation of that white sub- 
stance, which he takes to be the slimy, unctuous, saline parts of the 
petrescent juices that filled the outward pores of the stone, or coa* 
gnlated on it. This white part scraped, and put into a crucible m 
a violent fire, could not be reduced to lime, though it grew red as 
coalt This powder calcined appeared through tbt micnNcope 
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qmdmogD'ar, like grams of talt ; which made bin smptct* that 
tlieie peifilirttions contain, besides metailioe, a great deal of syioe 
iwrticles, uhose sides being btruiigl^ attracted to each other, and 
dovel^ joined, hhidere the fire from expanding the porea of ibeie 
atones, and their being reduced to lime. This black stone, when 
kroken, appears through the microscope very beautiful, and. like 
dolli of silver, the pores and vessels of the wood beiog filled villi 
irhite uiinute crystals. 

Of tuese stones Mr. 8. had some with wood outwardly cootinuoas; 
atbers with wood inwardly ; ona, the least, part is of stone, the rest 
wood ; auotlier vice versa ; another enthely wood, except a tkti 
coat of stone on one side, which appears to be the very bark ; one 
•tone which at one end distinctly shows the annual ringlets of the 
wood ; one that shows tiie wood, before it was. petrified, imd been 
bent, and partly broken, the fissure being filled witli a spatry mat- 
ter, aiKi appears plainly from the present appearance and position of 
the fibres of the stone. Some of these stones strike fire with a iteel, 
and others by a strong collision, emit a train of sparks. Some of these 
atones show the grain of holly, asb, and fir. He had onlj <Mie piece 
cf oak petrified, easily distinguished by its grain; it shows the very 
knots of the wood where young twigs were cut ; and has a hole 
made through it before it was petrified. 

As Ibr these stones being fit for sharpening or setting of razors, 
&c. the black ones are rather too hard, and the white ones too sof^. 
The whetstones or hones, vulgarly so called, which are sold foi 
Lough-Neagh stones, are none of these, but of a soA gritty kind, 
and found near Droglieda. 

When these stones with wood continnous are taken out of the 
water, mud, or clay, the woody part dries, cracks, and fails awa3f; 
wliich is tlie reason why few can be well preserved ; and besides, 
every body, unwilling to trust their eyeis will touch and scrape the 
wood, aud thus destroy the most curious part of the stone* 

IP ML Trans, jibr. 1746.] 

We have copied the preceding paper, not more for tlie curious 
and unquestionable tact it contains, than to exhibit a proof of the 
infant state of mineralogy not longer ago than the middle of the 
last century. The above pa|)er is succeeded in the same excellent 
journal by another on the same subject, furnished by the justly c^ 
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lebrated Dr. O^rge Berkelejj Lord Bbhop of doyne, who hi tbt 
coane of his theory to account for the petrifying property of the 
liike, gives, us his opinion that stones are unorganized vegetables^ 
formed by an accretion of salts ; which he urges in opposition to 
those of his own age, who conceived stones to be organized vege. 
tables produced from seeds. Waters impregnated with calcareous 
earthy and other petrifying mtaterials, and productive of all the effecti 
here spoken of with astonbhment, are now known to be frequent 
in most parts of the world : one of the most curious examples, io 
point of picturesque scenery, is perhaps theDropping*wel1 at Knares. 
borough ; and we have already noticed a similar property in several 
other waters, especially in the lake of Solfatara in Campagna. 

[Editoh.] 

SECTION XI. 

Inundations, 

We have already observed that many of the large rivers of the 
east, as the Nile> the Ganges, and the Indus, are subject to peri- 
odical exundations, and have pointed out some of the more ob« 
vious causes of such an effect. Tliere are others, however, that 
are subject to occasional ' overflows, and in many instances from 
causes that are altogether concealed. Among these we may per* 
baps enumerate the inundation of the Tliames, about the year 
1705, at Dageoham and Havering marches in Essex, which made 
an excavation nearly twenty feet deep, and laid open a great num. 
her of trees, mostly alder, buried under a soil obviously composed 
of the mud of the Thames, and which had^ in all probability, fceeo 
overthrown by some previous inundation of a similar kind. % 

The following, in the island of Mauritius, is to the same effect: On 
the 21d of March, 1696, observes Mr. Witsen, at half an hour after, 
twelve o'clock, being calm but a little rainy, the river which passes by 
the plain ground of Noardwyek, in the space of a quarter of an hour 
swelled to such a height, that the sugar-mill, the sugar.work, and al- 
most all the said ground was ruined,the most part of the sugar-canes 
being rooted or torn out of tlie ground by the violence of the tor- 
rent. It cannot be imagined what had caused so sudden a swelling 
of this river, for the rain was not very hard, and could not have 
produced that effect; for about twelve o'clock^ when the com- 
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pnj^s lerfaiits assembled for dinner^ the witer of the rifcr was at 
iU ordinary heiglity and before they had half dined all the counti|r 
was flooded a foot hif^her than two years sioce^ when tbera was m 
bonicane and a most violent storm. It is very remarkable, that 
at one o'clock all the extraordinary water was gone» and the river 
i^gain at its ordinary height* There has been no earthquake that 
coidd cause it, neither was there any such thing in other rivers. 

In other instances the cause is peculiarly clear» tliough the vkh 
knct with which it operates, is most ruinous and astonishing. The 
foUowing is a case of this kind that occurred in the valley of St. 
lohn^near Keswkk in Cumberland, August 22, 1749* We take 
the account as publislied in the Phil. Trans, for 1750, and com- 
Binnicated by John Jx>ck, Esq. F.R.S. 

This remarkabje fall of water happened at nine o'clock in the 
evening, in the ^nidst of the most terrible thunder, and hicessant 
ligbtningi ever known in that part in the memory of the oldest man 
Bviog, the preceding afremoon having been extremely liot and 
sultry. And what seems vei;y uncommon, and difficult to accooat 
tor, the inhabitants of the vale, of good credit, affirm they heard 
a strange bnzsing noise like that of a malt-milU or the sound of 
wind in the tops of trees for two hours together before the clouds 
broke. From the havock it has made in so short a time, for it 
was all over in less than two hours, it must have far exceeded any 
thunder-shower that we have ever seen. Most probably it was a 
spont or large body of water, whicli, by the rarefaction of the av, 
occasioned by that incess^int lightning, broke all at once on the rops 
of these mountams, and so came down in a sheet of water on the 
valley below. 

This little valley of St. John's lies east and west, extending about 
three miles in length and half a mile broad, closed in on the south 
and north sides, with prodigious high, steep, rocky mountains: 
those on the north side, called Legburthet Fells, had almost the 
whole of this cataract. It appears also that this vast spout did not 
extend above a mile in length; for it had effect only on four small 
brooks, which came trickling down from the sides of the rocky 
mountams. But no person, that does not see it, can form any 
idea of the ruinous work occasioned by these rivulets at that time^ 
and in the qpace of an hour and hi»lf. At the bottom of Catcheety 
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Gill, wbidi is the naiiie of the gmtes^ ttopd m mill and t ldh% 
which were entirely swept away. In five minutes time, and Jthd 
place where they formerly stood, now covered with hogeiocks^ 
and rubbish, ti^ree or four yards deep. One of the milUstooca 
cannot be found, being covered, as is supposed, in tbe bottom of 
this heap of rubbish. ^ , . 

In the violence of the storm, the mountain has tmnUed so Cm! 
down, as to choak up the old course of this brook ; and it haa 
forced its way through a shivery rock, where it now runs in a great 
chasm, four yards wide, and between eight, and nine deep* Im 
the course of each of these brooks, such monstrous stones^ or m» 
ther rocks, and such vast quantities of gravel and sand, are tbrowB 
on their little meadow-fields, as render the same absolntely •selcs% 
aad never to be recovered. 

It would surpass all credit to give tbe dimensions and we%ht of 
some rocks, ^hich are not only tumbled down the steep paitS of 
the mountains, but carried a considerable way into tbe fields, so* 
reral thrown on the Irnks larger than a team of 10 horses could 
move. Near a place called Lobwath, one was carried a great mwj^ 
which was 676 inches, or near 1 9 yards about. The damage deat 
to tbe grounds, houses, walls, fences, highways, with a loss of tho 
corn and hay then on the ground, is computed variously, by soma 
at lOOOl. by others at 15001. 

One of these brooks, ||bich is called Mose or Mosedak Becki^ 
which rises near tbe source of the others, but runs north from the 
other side of Legburthet Fells, continues still to be foul and muddy^ 
having, as is supposed, worn its channel so deep in some part of its 
course, as to work on some mineral substance^ which gives it llm 
colour of water flowing from lead mines, and is so strong at to tinga 
the river Derweut, into which it empties itself, even at the SSf^ 
■ear 20 miles from their meeting. 

No country is more unfortunately exposed to romoos immda*' 
tions than Holland, in consequence of the flatness of the country : 
the barrien formed by its dykes or sea-banks against the ineroach- 
n^ents of the tides, ,being occasionally, from the united action of 
rain, wind, and sea-storms, being completely swept away, and the 
whole country overflowed with the watery devastation. Such was 
particularly tbe case in tbe 'year 1430; and again in iSUG, of 
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which Iftit the foUowiug it the accooat contained in the London 
Gmzetie. 

** GroniD|^, Nov. 36.— On Friday the d2d instant, it blew the 
whole day a most violent storm from the S.E.; towards night the 
wind changed to the W. then to the N. W. afterwards to the N. E. 
and back again to tlie N. W. Tlie weather continued thus tern- 
pertoous all nighf» accompanied with thunder and lightning ; the 
chimneys and roois of a great many houses were blown down, and 
mnch more mischief was done, but it was not comparable to that 
which followed ; for the dykes not being able to resist the Tiokacc 
of the sea, agitated by these terrible storms, ' the whole conntiy 
between tlib and the DelfiieU beuig about eighteen English milci^ 
was the next morning overwhelmed with water, which in nuy 
places were eight foot higher than the very dykes, and many people 
and titousands of cattle were drowned, the water breaUng even 
through the walls of the town of Delfsiel, to that height thai the 
inhabitants were forced to betake themselves to their garrets and 
upper rooms for shelter. The whole village of Oterdam b in a 
mamier swept away. At Termuudersyli there is not one houie 
left, above three hundred people being drowned there, aud only 
nineteen escaping. Hereskes, Weywert, Woldendorp^ and all the 
irtUages near the Eems, have suflfered extremely. The Wiestem 
quarter has likewise had its share in Uib calamity, and the highest 
lands have not escaped. On Sunday and yesterday it reached this 
city ; the lower parttt whereof are now all under water. From the 
walls of this city we can see nothing but the tops of houses and 
steeples that Tcinain above water. In a word, the misery and de. 
eolation b greater than can be expressed. 

'' It's impossible to describe the present sad condition of thu 
province, occasioned by a most terrible inundation that happened 
the 22d instant ; the like has not been known these hundred yean. 
The whole province, except the higher parts of tlib city, lies under 
water; whole villages have been swept away, and a great many 
people, with abundance of cattle, drowned ; and those that ha^e 
escaped, sheltering themselves in garrets and upper rooms, are ia 
great distress for want of relief: nothing but lanientatinuf, aad 
the jangling of bells for help, is heard through the whole country; 
and though all possible care is taken to assist them from heuce, 



CATABACTS, AMD IKUirDATlOMf • ^87 

wid Other pbces, yet there not being boats enought to afford help 
to ally its to be feared maoy will be lost for want of it. At Oter* 
daiD» near Delfxiel* but twentj.five persons have escaped ; in the 
▼iUage of Pleterborne there are but three bouses left standing, and 
in general, all the houses that stood near the dyke have been swept 
away." 

Instances of this kind might be selected to infiuity : but we sbnll 
confine ourselves to the following extraordinary agitation of tUt 
waters of Loch Tay, given in a letter from the Reverend Thomaa 
Fleming to the Reverend John Playfair, M. A.* 

<^ I did not return from the excursion on wluch I was wh^n I 
had the pleasure to see you at Duudee till last Tuesday night. Oi| 
my arrival, 1 found your letter respecting the phseoomenon thai 
lately happened in this neighbourhood. Although ill qualified to 
give you latisfiiction upon this subject, I shall, however, coinplj 
with your desupe, and give you the most accurate account of thai 
phaeiioroenon which I have been able to obtain. 

On Sunday the 12th of September, 1784, about nine o'clock in 
the morning, an unusual agitation was observed in Loch Tay, neat 
the village of Kenmore. That village stands at the east end ot tha 
lake, bavbg the river, which there issues from the lake, on the north 
side, and a bay, about 160 yards in length anrl 200 yards in breadth^ 
on the south. The greater part of this bay is very shallow, being 
generally no more than than two or three feet deep ; but before it 
joins the body of the lake, it becomes suddenly very deep. At tfasr 
extremity of this bay, the water was obseived to retire about fivw 
yar€la within its ordinary boundary, and in four or five nunutee t# 
flow out again. In this manner, it ebbed and flowed sucoesahr^ 
three or four times during the space of a quarter of an hour, when,, 
all at once, the water rushed from the east and west, m oppodMn 
currents, towards a line across the bay, and about the edge of tkm 
deep, rose in the form of a great wave, to^the height of five feet 
above the ordinary level, leaving the bottom of the bay dry, to the 
dbtance of between 00 and 100 yards from its natural boundary. 
When the opposite currents met, they made a clashing noise, and 
foamed ; and the stronger impulse being from tlie east, the wave» 

• Sec Tmnsactiontofthe Royal Society of Edinbmcb, VoiI«p*90Qk 
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after rising to its grratest beight, rolled wettward, but aknrly, dimL 
Btshiog as it weut^ for tlie space of five mioates, when it wholij db* 
qipeared. As the wave subsided, the water flowed back with somif 
Ibrce, and exceeded its original boundary four or five yards ; then 
ft ebbed again about ten yards, and agam returned, and contifnicd 
to ebb and flow in this manner for the space of two hoar?, the 
cbbmgs succeeding each other at the distance of about aeren mu 
■Btes^ and gradually lesseniag till the water settled mto ita ordioaiy 
lereh 

At the same time that the undulation was observed in the bay 
OD the south side of the village, the river on the north waa aecn to 
nn back ; the weeds at its bottom, which before pomtcd with the 
abeam, received a contrary durecfion ; and its channel waa left diy 
above twelve feet firom either edge. Under the bridge, (which 
is sixty or seventy yards from the lake), the current fiiilcd, and* the 
bed of the met appeared where there had been eighteen inches 
of water. 

During the whole time that this phaenomenon waa observed, the 
weather waa cahn. It could barely be perceived that the directiea 
of the clouds was from N. £• The barometer (as fiur as I can re* 
collect) stood the whole of that and the preoediiig day aboot 99^ 
inches. 

On the next, and the four succeeding days, an ebbiog and flow« 
ing waa observed nearly about the same time, and tor the same 
length of time, but not at all iu the same degree as on the first 
day. A similar agitation was remarked at intervals, some davs 
in the morning, other days in the afternoon, till the 15th of Octo- 
ber, since uhich time no such thing has been observed. 

I have not iieard- (although I have made particular enquiry) that 
any motion of the earth was felt in this neighbourhood, or thai the 
agitation of the water was observed any where but about the village 
of* Kenmore. 

The village of Kenmore is situated nearly iu the parallel of 5^ 
35% and about 1^ west of the meridian of Edinburgh. Loch Tay 
extends from hence somewhat more than 15 miles W. S. W. Its 
medium breadth is not much less than a mile, and ita depth nrait 
be very considerable, if one may judge from the height of tlie 
adjacent mountains. 

Editob. 
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CHAP. XXXII. 

TUA OCBA.N» ITS PROPBttTl£S AND DIVISIONS. 

SECTION !• 

Ji 

1. Introduciorjf Remarki. 

UuRiNO the progress of the eartb, under the control of the 
Almighty fiat, from « state of chaos to a state of oriler» the laws 
of gravity seem uniformly to have maintained their power. And 
hence the imniense mass of water which at first lay heterogeneously 
iDtenuized'with the other principles of things, was gradually pressed 
out from the rest, ascended to the surface, as the lightest mate- 
rial of the whole, united its particles into one common body, and 
at length entered in an aggregate form into those immense hollows 
which were best fitted for its reception. It is these hollows which 
constitute the bed of the ocean. Hence the natural division of the 
surface of the globe is into sea and land ; about three*fonrths of 
the whole being occupied by water* though probably no where to 
a depth comparatively very considerable ; at most not more thau 
that of a few miles on an average. The larger portions of the land 
we denomhiate continents ; and^ in like manner we call the larger 
divisions of the ocean seas ; the distinctive character of the water 
as compared with that of lakes and rivers, being its saltness^ 
from its holding in solution a considerable quantity of muriat of 
soda, tlie source of which we shall presently enquire into. The 
larger seas are themselves, however, not uufrequently dignified, 
but improperly, with the name of oceans. Thus that vast expanse 
of water which lies to the westward of the northern and southern 
continents of America, is, on account of the uniform and tcmpe* 
rate gales which sweep its surface within the tropics, clenomiuated 
*' the Pacific Ocean ;'* which has again been distinguished into 
the Northern and Soutliero Pacific, the equator being consi- 
dered as the boundary of each, aud '* the Southern Ocean/* being 
coiisi^qnently that part of the general assemblage of waters whicj^i 
rolls in the direction from about the fortieth degree of latitude to. 

VOL. IH. u 
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ward the south pole. So likewise we speak of tbe ladimo Ocean a^ 
extending from tiie eastern shores of Africa along the aoutheni 
coasta of Am ; and the AtlantK Ocean as dividiiag Europe and 
Africa from the two American continents^ while the waters wbkb 
occu|)7 the polar regkHW are called the Norihem iSf#cb 

Among the chief of those less expansive sheets of water^ or those 
properly called seas, we may mention the Baltic, the Mediterra- 
aean Sea, the Black and the Red Seas : the (Caspian Scm, being en- 
tirely encompassed by land» might properly be styled a lake, bat 
at its water possesses the quality of saltness, it n ranked among the 
teas; yet Lake Superior, m North America, is aoppoicd to beef 
greater circoraferenee than tbe Qispian Sea i the one bthg at Icart 
Ibwrteen hundred milea around its shores, and the other aot aunt 
than twelve hundred. 

Of tlie origin of this division mto diflerent seas, and aeas of dift 
fcrent depthir we cannot speak with c^ainly. It is highly probt* 
Me that many of the larger excavations and parlitioos which at 
meet with now, have existed, without much change ib regard to 
their extent, from the creation : others have undoabtedly been Iks 
result of that conflict which' b perpetually taking place between tbe 
elements of land and water, and which has given rise for the molt 
part to blaods, i^thmoses and peninsulas: while soblerfaneoni 
volcanos, and the indefatigable exertions of coiab* nsadrepores^ 
tubifores, and other restless and multitudinous xoopbytcs, have 
hid, and are daily laying a foundation for new bhmds or conti- 
nents in tbe middle of the widest and deepest seas ; all which wiN 
furnish us with an additional source of enquiry, and is indeed well 
worthy of examination. 

There b another peculiar feature which characterises the waters 
of tbe ocean, and which ought by no means to be overiookedos 
the present occasion, and that is its tides and currents^ and tbe 
causes which have been assigned for them ; which will necessarilj 
lead us into an examination of the temperature of tlie ocean at dif« 
ferent depths, the influence of the heavenly bodies, and especbllj 
of the moon upon its general nnis^. 

The sections that follow under this chapter will be found directed 
to these subjects, and will close that important and extensive 
divbions of NATUEAL history, which embraces the soperfictti 
phsenomena to which we have given the same of the globe. 

DITOR. 
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SECTION If. 

Aliemaie Advances and Recfuioni aS ^^ ^^^ 

From what has been already obserfttl of the earth and the 
ocean, there can be no doobt that they are both in n itatt of oooli- 
tiaal fluctuation. The earth, the eonmon ■mgaiiiit for watm, 
aninnls and vegetables^ is continuaily furnishing its iliwa to 
their support. Rot the matter which is thus derifod Aodi k, 
is soon restored and laid down again» to be pit pa wd for fieah 
mutations. The transmigration of toob is no donbt falsi aad 
whimsical ; but nothing can be more certain than the tiMsavgta- 
tion of bodies : the spoils of the meanest reptile maj 90 to tlie 
formation of a prince ; and^ on the contrary, as the poet has lft$ 
the body of Caesar may be employed in stopping a beer4Mml. 
Prom thby and other causes* therefore, the earth is in eontiMml 
change. Its internal fires, the deflation of its rirers^ and the fidling 
of Its mouutams, are daily altering its surface ; and ieogra|ihy cmi 
no longer recollect the lakes and the tallies that history once fondly 
dwelt upon. 

Bnt these changes are nothing to the Instability of the oeean. It 
wonld seem that inquietude was as natnral to It as flaidity. It 
is first seen with a- cofistaot and equable raoiion goi^g towards 
the west; the tides then Interrupt this progresSioBv and for a tiaae 
drive the waters in a contrary direction; besides these agftatioai^ 
the currents act their part In a smaller spheie, being gellefa^y 
greatest where the other motions of the sea are least, Baaely^ 
nearest the shore : the winds also contribute thefar share in iIhs osi* 
versal fluctuation ; so that scarcely any pert of the sea is wholly 
seen to stagnafe. 

5i1 eoim qafe«clt, nndrs iapeUHnr anil, 
Et iptiitttif at Moi foto M torfnn aiisceat «• 

As this great element is thus changed, and cootmnally labewriag 
iulemaMy, it may be readily supposed that it p to da e u eorresposident 
changes upon its shores, amd those parts of the earth sal^t to its 
influence. In fact, it is every day making considerable alteratioBs, 
either by overflowhig its shotes in one phrae, or d esalti n g theas in 
others ; by covering over whole tracts of country^ that weie ealfi- 
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vated ami peopled, at one time; or by learing its bed to br 
appropriated to the purposes of vegetation, and to »iip|4y a new 
theatre for human indostry at another. 

fn tfiit stni{;gle between tlie earth and tlie sea for donnnioii, the 
greatest number of our shores seem to defy the whole rage of the 
waves» both by their height and the rocky materials of which tb^ 
nre ccnnposed. The coasts of Italy^ for instance, arc bordered 
with rocks of marble of different kinds, tlie quarries of which muf 
easily be distingnished at a dbtance from sea, and appear like pc^ 
pendicalar columns^ of the most beautiful kinds of marble, raaged 
along the shore. In general, the coasts of France, from Brest la 
' Bourdeaux, are composed of rocks ; as are also those c»f Spain and 
England, which defend the land, and only are Interrupted, here 
and there, to give an egress to rivers, and to allow the convene 
dices of bays and harbours to our shipping. It may be in general 
.remarked, that wherever the sea is most violent and fusious, tbcie 
the boldest shores, and of the most compact materiala^ are found 
to oppose it. There are many shores several hundred feet perpen* 
dicular, against which the sea, when swollen with tides or storni^ 
rises and beats with mconceivable fury. In the Orkneys, where 
the shores are thus formed, it sometimes, when agitated by a 
storm, risea^ two hundred feet perpendicular, and ihslies up its 
spray, t<^ether with sand, and other substances that compose its 
l>ottom, upon land, like showers of rain. 

Hence, therefore, we may conceive how the violence of the sea, 
and the boldness of the shore, niav be said to have made each oilier. 
Where the sea meets no obstacles, it spreads its waters with a gcn» 
tie intumescence, till all its power is destroyed, by wanting depth 
to aid the motion. But when its progress is checked in the mtdst, 
by the prominence of rocks, or the abrupt elevation of the land, it 
dashes with all the force of its depth against the obstacle, and 
' forms by its repeated violence, that abruptness of the shore which 
confines its impetuosity. Where the sea is extremely Jeep, or veiy 
imich vexed by tempests, it is no snudl obstacle that can confine 
its rage— and for this reason we see the boldest shares projected 
against the deepest waters ; all less impediments having long befoie 
been siiniiounted and washed away. 

In places wliere the force of the sea is less violent, or its tides less 
rapid, the shores are generally seen to descend with a more gradaal 
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livify Cher Ibrtc, Ibe watcn of the tide fteal by almost im- 
peroepfibk degreet, co?eriiig Ibem for a large exteot, and leaving 
tbem bare ou its recess. Upon tlie^e shores tlie sea seldom beats 
with an^ great violeiice, as a large wave hasnot depih sufficient to. 
ioat it onwards; so that here only are to be seen gentle surges 
making ealmly towards laiid^ and lesseiiiug as they approach. As 
the sea, in the fornter descripliuii, is generally seen to present 
pro&pects <|f tumult and uproar, here it more usually exlubits a 
•oeiie of repose and tranquil beauty. Its waters, which when sur« 
veyed from the precipice afforded a muddy greenish hue, arisiog 
from their depth and position to the eye, when regarded from a 
shelving shore wear the colour of the sky, aud seem rising to uiee^ 
k» The deafening noise of the deep sea, is here converted intp. 
gentle murmurs ; instead of the water s dashing against the (ace of 
the rock, it advances atul recedes, still going forward, but with 
just force enough to puslt its wee<U and sliells^ by insensible ap- 
proaches, to tlie shore. 

There are other shores, beside those already described, which 
either have been raised by art to oppose the sea's approaches, or 
from the sea's gaining ground, are threatened with imminent de- 
struction. The sea being thus seen to give and take away laud^ 
at pleasure, is, without question, one of the most extraordinary 
considerations in all natural history. In some places it is seen to 
obtain the superiority by slow and certain approaches i or to burs^ 
in at ooce, and overwiielm all things in uiuiistinguished destruot 
tion; in other places it departs from its shores, and wher( il| 
waters have t»een known to rage it leaves 6elds covered with the 
most beautiful verdure. 

The formation of new lands, by tlie sea's continually bringing 
its sediment to one place, aud by the accumulation of its sands ii| 
another, n easily conceived. We have had many instances of thi^ 
in England. The island of Oxney, which is adjacent to Romneyr 
mac«h, was produced in this manner. This bad for a long time 
been a low level, continually in danger of being overflown by the 
river Kother ; but the aea, by its depositions, has gradually raised 
the bottom of the river, while it has hollowed the mouth ; so that 
the one is suihcieutly secured from inundationsi and the other is 
deep enough to admit ships of considerable burthen. The like also 
may be seen at that bank called the Oogger-aands, where two tkiei 
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meet, tnd whidi thin leeehre new mcmne every day* so that is 
ttee the plaee teems to promiie fur for being babtttbk earth. Oa 
nanj parti of the eoasto of Fmnce, England, HoHayd, Qeniiaiij« 
and Prvisia, the eea has been sensibly known to rethre* 

la Italy there is a considerable piece of ground gained at tha 
mouth of the river Amo; and Raveona« that once stood by the 
aea*8ide, is now considerably removed from it* But we need 
scarce mention these, when we find that the whole republic of 
Holbrnd seems to be a conquest upoil the sea, and in a maaocv 
lascued from its bosom* The surface of the eartli, in this oounli]^ 
is below the level of the bed of the sea. The province of Jucntais 
a penittsola fai the gulph of Mesico, uras formerly a part of ths 
seax this tract, which stretches out into the ocean an Imndred 
leagues, and which is above thirty broad, b every where* at a mo^ 
derate depth below the surface, composed of shells, which eviaca 
that its land once formed the bed of the sea. In Fnm^^ thf town 
of Aigues Mortes was a port in the times of St. Louis^ wbidi ilaow 
remof^ more than four miles from the sea. . Psalmodi« ip the 
same kingdom, was an island in the year 815, but b now mass 
than six miles from the shores All along the coasts of Norfolk, thtra 
fa ipod reason for belief, that m the memory of mail the sea bar 
gained fif^ yards in some places^ and has lust as much io olhera. 

Thus numerous, therefore^ pre the instances of aew lands havsaif 
been produced from the sea, which, as we sec, is brought about 
two different ways : first, by the waters raisiug bauks of sand and 
mud where their sediment is deposited ; and secondly, by their re» 
linqubhing the shore entirely, and leaving it unoccupied to the 
industry of man. 

But as the sea has been thus known to recede front some laads^ 
so has it, by fatal experience, been found to iucroach i>|>un othcn : 
end, probably, these depredations on one part of tlie i>hore, may 
account for their dereliction from another ; for the current which 
rested upon some certaiu b^k, having got an egress io some other 
place, no longer presses upon its former bed, hut pours all its 
stretlm into the new entrance, so that every inundation of the sea 
may l>e attended with some corrci^poodent dereliction of another 
shore. 

However this may be, we have numerous histories of the aesi's 
ioundatbnsji and its bpryiag whole provinces in its bosom. Idaajr 
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deviltries tfaet Imve been Ums dkstsogrecU beer tneieecboly witet wes 
to the truth of history ; ead shew the topsof their houses^ ead the 
spires of their steeples, still slendtng at the bottom of the water. 
One of the most coonderable inundations we meet with hi iMstorv* 
is that which baf^ned in the reign of Henry I. which overflowed 
the estates of the Earl Godwin, and forms now that bank called' 
the Goodwin Sands. In tiie year 1546, a similar imiptioo of the 
sea destroyed an hundred thousand fiersons in the territory of 
Dort ; and yet a greater number round Doliart. In Fcieshind and 
Zealand there were more than three lumdred villages overwhelm* 
«d ; and their remains continne still visible at the bottom of the 
Mrater in a clear day. The Baltic sea lias, by slow degrees^ co- 
vered a hirge part c(f Pomerania ; and, among otherst destroyed 
and overwhelmed the famous port of Vineta. In the same nuuu 
ner, the Norwegian sea has formed several little islands £pom the 
main land, and still daily advances upon the continent* The 
German sea has advanced upon the shores of Hollands near Catt ; 
so that the ruins of an ancient citadel of the Romans^ which was 
formerly built upon thn coast, are now actually under water. To 
these accidents several more might be added ; our own historians 
and those of other countries abound with them; almost every flat 
shore of any extent being able to shew something that it has lost^ 
or somethmg that it has gained from the sea. 

There are some shores on which the sea has made temporaty de- 
predations; where it has overflowed, and after remaining perhaps 
some age^ it has again retired of its own accord, or been driven 
back by the industry of man. There are many lands in Nonvay, 
Scotland, and the Maldives islands, that are at one time covered 
With water^ and at another free. The country round the Isle of 
Ely, in the times of Bede, about a thousand years ago, was one of 
tlie most delightful spots in tlie whole kingdom. It ivas not only 
richly cultivated, and produced all the necessaries of life^ but 
grapes also tlist aflforded excellent wine. Tlie accounts of that 
time ate copious in the descriptioii of its verdure and fertility ; its 
rich paslares, covered with flowers and herbage; its beautiful 
shades and wholesome air. But the sea breaking in upon the land, 
overwhelmed the whole country^ took possesskm of the soil, and 
totally destroyed one of the most fertile vallies in the world. Its 
air, from being dry and healthful, from that time become most 
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uimbolciopiiey wmi clof ^ with vapoa'n ; aod Hie eimll part of 
the onmalry that by being higher than the rest tia\md the deluge, 
wat soon rendered uninhabitable from its noxious irapours. ThHS 
tills country continued nnder water for some centuries; till, at last, 
the sea, by the same caprice which Imd prompted its iiivasioasy 
began to abandon the earth ui like luamier. It has contiuued fur 
some ages to rrlinqMish its former conquests ; and although the 
ibhabitants can neither boast the longevity nor the luxuries of tlicir 
former pre»occupants, yet they iind ampk* means of sul>siste<ice ; 
ami if they happen to surviye the first years of their residence there, 
they are often known to arrive to a good old age. 
- But although history be silent as to many other inundatioas of 
Ihe like kind, where the sea luis overflowed tlie country, and after, 
ward retired, yet we liave numberless , testimonies of anotliema* 
ture, that prove it beyond the possibility of doubt : as for ex- 
ample, those numerous trees that are found buried at coasidenible 
depths in places where either rivers or I lie sea has accidentally over* 
flown. At the mouth ^of the river Ness, near Bruges, in Fhtsderii 
at the depth of fifty feet, are found great quantities of trees lying 
as dose to each other as they do in a wood : tlie tniuks, the 
branches, and the leaves, are in such perfect preserv^ioo^ that the 
particular kind of each tree may instantly be known. And we iiave 
already adverted to suuilar facts in a preceding chapter. Aboftt 
five hundred years ago, lliis very grouud was known to have beea 
covered with the sea ; nor is there any history or tradition of its 
having been dry ground, which we can have no doubt must have 
been tlie case. Thus we see a country flourishing in verdure, pro- 
ducing large forests^ and trees of various kinds, overwhelmed by the 
sea. We see this element depositing its sediment to an height o 
fifty feet ; and its waters must, therefore, have risen much higher. 
We see the same, after it has thus overwhelmed and sunk the land 
so deep beneath its slime, capriciously retiring from the same coasts, 
and leaving that habitable once more which it had formerly de- 
••troyed. All this is wonderful ; and perhaps, instead of attempting 
to enquire after the cause, which has hitherto been iuscrutable, it 
will best become us to rest satidfied with admiration. 

At (he city of Modena, in Italy, and about four miles round it, 
wherever the soil is dug uito, when the workmen arrive at the depth of 
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sixty-tliwe fcel, tbe]^ ciime to • bed of cbtlkj wlriob llMy bore wiU| 
10 aHgre five feet deep c they tlieo withdraw. from the pit, before the 
oogre is removed, aad upon its extraction, the water bursl^ up 
througli the ;iperf ure with great violeoce. and quickljf tills this new. 
made well, which continues full, and is aflfected neitlier by raius oor 
droughts. But that which is most remarkable iu this operation, is the 
different layers of materials found in the course of tlie descent. At the 
depth of fourteen feet are foiind the ruins of an ancient city, paved 
streets, houses, floors, and different pieces oi Mosaic. Under this is 
found a solid earth,that would induce one to think had never been re* 
moved; however, under it is found a soft ooay earthy made up of ve- 
getables; and at twenty-six feet depth, large trees entire, such as 
walnut-trees, with the walnuts still stickuig on the stem, and their 
leaves and branches in exact preservation. At twenty-eight feet deep^ 
a Sf>ft chalk is tbund, mixed with a vast quantity of shells; and this 
bed is eleven feet thick* Under this, vegetables are found again, 
with leaves, and branches of trees as before; and thus alternately 
chalk and vegetable earth to the depth of sixty-three feet. These are 
the layers wlierever the workmen attempt to bore ; while in many 
of them they also And pieces of charcoal, bones, and bits of 
iron. From this description, therefore, it appears, that tbh couo* 
try has been alternately overflowed and deserted by the sea, one 
age aHer another : nor were these overflowings and relirings of 
trifling depth, or of short continuance. When the sea hurst in, it 
must have been a long time in overwhelmuig the branches of tlie 
fallen forest with Its sediments ; and btill longer in fonuiog a ivgu* 
lar bed of shells eleven feet over them. It must have, tberefora^ 
taken an age at least to make any one of these layers ; and we Biay 
conclude, that it must have been many ages ensphiyed in tbe pro- 
dnetion of them all. Tlie laud, al>o, upon being deserted, muet 
have had time to grow compact, to gather fresh fertility, and to be 
drained of its waters, before it coukl be dis|x>sed to vegetation, or 
before its trees eould have shot forth again to nuturity. 

From hence we see what powerful effects the. stea is capable of 
proiludng upon its shorts, either by overflowing some or deserting 
others; by altering tbe direction of these, and rendering tliOM 
craggy and precipi^te, which before were shelving. But the ak 
fluence it has upon these is nothing to that which it has upon tha 
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giMt htij of cifth wUch ibmnt its bottooi. It is fit tbe hottan af 
the set that tbc greatest wonders are pcrfbnaedf and the most fipid 
dnuges are pnMiuced ; it is tbere that tiie motion of the tides and 
tbt currents hare tbeir fall ioreei and agitate tbe salwtaBccs of 
wbieb tbeir bed is composed. But all these are almost wholly hid 
from limnan curiosity ; the miracles of the deep are performed ia 
aeofet ; and we have hut little information from its abysses, eiccpC 
what we receive by inspection at very shallow depths, or by tW 
plummet^ or from divers, who are known to descend from twenty 
to thirty fathoms. 

IPktI. Ttant. Buffon. JbbiFortU. Newton. Goidim^k 

SECTION 111. 

Formation of Coral hlamti. 

Few things are more curious or difiicuU to explain than the pro* 
digious quantity of coral formed in the sea, especially in the tropical 
legions. Coral is the produce of different species of vermes, or worn 
tribes, and it consists chiefly of carbonate of lime. Now it is difficult 
to conceive where these auiiuals procure such prodigious quantities 
of this substance. Sea-water, iudeed^ contains traces of suiphat of 
linie> but no other calcareous salt, as far as we Iluow. Hence it 
would appear, that these creatures must either decompose sulpliaic 
of lime, though the quantity of that salt contained iu sea-water 
seems inadaquate to supply their wants, or, they must form carbonate 
of Ume from the constituents of sea-water, in a way totally above 
our comprehension. Be that as it may, there is oiie consequence of 
tliis copious formation of coral in tbc tropical regions of cooudsr* 
able importance to navigation, which has been clearly pointed out 
by Mr. Dalr}mple, and is now pretty well understood. 

There is not a part of natural history, remarks this accurate 
observer, more curious, or perhaps to a navigator more o£eful« 
than an enquiry into the formation of islands* The origm of 
ishmds m general, is not tbe point to be diseiissed, but of lorn, 
iat, blands in the wide ocean, such as are most of those lu« 
therto discovered io the vast Soutlusca* These islands are go- 
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ntialy !§■§ tad Mfri0ir» ibcy «ie fimncd fay • atrroir btr «f 
ImnI, JnctoHJng Uie tta witbki il; gtuecally* peifaaps alwajK^ willi 
%omt dtaonel of mgttm «t Icatt to tho tide* comoMMily with wm 
^peoi^g capaMeof recetvhig a oaooe, and frequently sufidenl to 
adiMi even larger vtuel^ 

TUe origin of tlitae islaadi will ex|^ain their nature. Wliat led 
Mr.Dalrjfo^e first to this dedttclion» was an observation of Abdul 
Roobm, a Sooloo pilot; that all the islanda^ l^ing off tba M« B. 
coast of Bonieob bad shoali to the eastward of tbera. Tbete iibuida 
being QO^Tered to the westward by BorneOy the winds from that qaar^ 
far do not attack them with violence. Bui the N. £• wmds^ tuau 
bling in the billoars firom a wide ooean» heap up the coral with wbidi 
those seas ire filled. This, obvious after stonus» is perhaps at all 
other times imperceptibly effected. The coral banks^ raised in tha 
same manner* become dry. These banks are found at all deptba 
at all distances from shore> entirely unconnected with the land, andl 
detadied from each other ; though it often happens that they am 
divided by a narrow gut, without bottom. 

Coral banks also grow, by a quick progression^ towards the sow 
face; but the winds, heaping up tlie ooral from deeper water^ 
cbieiv accelerate the formation of these into shoals and bhmda. 
They become gradually shallower, aud when once the sea meela 
with resistance, the coral is quickly tbrowa up by the force of tba 
waves breaking against the bank; and fiencc it b that, io Ibe open 
nm there is acareely an instance of a coral bank having so little walat 
that a laiige ship cannot pass over* but it is also so shalbw that n 
bpat would groood on it, Mr. D. has seen these coral banks in ail 
the stages; some in deep water, others with a few rocks appearing 
above the surface, some just formed into islands, without the 
apfN'asance of vegetation* and others* from aucb as have a 
weeds on the highest part to those which are covered wilb higa 
timber, with a bottomhsss sea at a pistol-shot distance. 

The loo.^ cond* rolled inward by the billows in large pieces* will 
ground, and the reflux being unable to carry them away, tbey tie* 
«ouie a bar Io coaguUte the sand, alwtiys found intermixed wilb 
coral ; which sand, being easiest raised* will be lodged at Upm 
When the sand bank is raised by violent storms* beyond the reaah 
of common waves, it becomes a resting place to vagrant birdii, 
whom tae search of prey draws thither. The dung, feathers* &c. 
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iicrene the wil, and preptrr it for the reoeptioD of actidcntal ro^h, 
bmicb«8» and seed, caa up b]^ the waves, or brou|(hl Ihilber bjr 
birds. TIhiji i^Uiiidif are formed : the leaves aod rotten brandies 
inteiinixiiig vith the saiid, iorni hi time a light black mouldi of 
which in f;encral lbci« islands coosi;it, more sandy as less woody ;- 
and when full of large trees, with a greater proportioii of moHkL 
Cocoa nuts» continuing lung in tlie sea without losiag tbeir vcyeta* 
tive powers, are commonly to be found in Such islands; partica* 
larly as fliey are adapted to all soils, whetlier sandy, rich, ar 
rocky. 

Dhe violence of the waves, within the tropics, must geneiaU]f bt 
directed to two |)oints, according to the monsoons. Hence the 
islands formed from coral banks, must be long aod narrow, and lie 
nearly in a nHTidioinil direction. For even supposing the liaals to 
be round, as they seldom are when large, the sea, meeting asost la. 
sistance in the middle, must heave up tlie nuitter in greater cpianti- 
ties there thau towards the extremities : and, b^ the same rule, the 
ends will generally be open, or at least lowest. They will also 
commonly have soundings there, as the remains of the banks, not 
accumulated, will be under water. Where the coial banks are not 
exposed to the common monsoon, they will alter tbeir direction ; 
and be either roimd, or extend in the parallel, or be of irregular 
forms, according to accidental circumstances. 

Tlie interior parts of these islands, being sea, sometimes form 
harbours ccpable of receiving vessels of some burthen, ami Mr. D. 
believes always abound greatly with fish ,• and such as he has seen, 
with turtle-grass aud other scaplants, particularly one species, 
called by the Sooloos gannnye, which grows in little globules, and 
is sonieiihat pungent as well as acid to the taste. It need not be 
repeated that the endn of those islands, only, are the places to ex* 
|iect soundings : and thev ciinimonly have a shallow spit running 
out from each point. Abdul Roobin*s observation points out an. 
other circunistance, which may be useful to navigators : by coovi. 
deration of the %iinds to which any islands are most exposed, to 
form a probable conjecture which side has deepest water; aod from 
a view whirh side has the shoals, an idea may lie formed which winds 
rage v^ith roost violence. 

iTkomson. Phil. Trans. Abr. VoL XIL^ 
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To tbe ibove we have mily to add, thai llie coinman foondatHNi 
of all those dusters of islands which inodeni nayii^tors have disco* 
vered iii the Pacific Ocean, and to which the name of Polvnesia has 
been given as well as of those which belong to Atistraiaslci or New 
South Wales, and perhaps of New South Wales itself, n evidently 
of coral structure, immense reefs of which slioot out in every di- 
rection. Aud it is a circumstance peculiarly smgular, that notwitb. 
standing this pro<ligious quantity of lime iu the form of coral, not a 
single bed, and scarcely a particle of chalk, has hitherto been met 
with either in the islands or on the continent. 

There are other islands which are occasionally raised by tlievio* 
lent agency of the subterraneous volcanos. These, however, are 
comparatively but few in number, and in mass of matter l>ear no 
proportion to those which we have reason to believe are perpetually 
' fbrmtnjv by the silent but persevering efforts of the sea-worms we 
are now more immediately adverting to : and as we have already 
given instances of such occasional disruptions from the bowels of the 
earth we need not enlarge upon them in the present place. 

lEdilor.'\ 

SECTION IV. 

Supposed Isthmus between Calais and Dover; occasional At» 
tempts to unite Sea with Sea ; and the Conjecture of a 
North^fVest Passage. 

' Geography has had its fancies as well as every other science^ 
and among the more promhieut of these may be reckoned tlie hy- 
pothesis and hypothetical attempts which we have enumerated at 
the head of this Section. 

It was once a favourite opinion, that Great Britam and France 
bad many years ago been united by an isthmus, or narrow neck of 
land, stretching across what is now the passage between Dovef and 
Calais ; and that this isthmus had been broken down and carried 
away by some violent force of the circumambient sea, before the 
commencement of any historical records. In the Philosophical 
Transactions, we have three or four papers upon this visionary sub- 
jeQt, Two of them were writteu by Dr. Wallis, within two years of 
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Ml death, when lie had feaehed hit cigbtjr^fi Ah year^ and whicli aftnd 
m Mipritltag proof of ihe actWlty of mind, and the perfect command 
of bb fiicnlties which that extraordraarj nan retamcd at so adranced 
an age *• The third paper^ on the sane nohject* was written by 
Dr. William Musgravef. This opinion was first Immcfaed fay Cam* 
deo, supported by 8amner» and opposed byVossios* Dr. Walfb 
an pp oits it with mnch learning, and points ont tlic cftcts of tbe 
mplnie with much ingenuity. He concerres, that the tnwNtloB Ben- 
tioned by Plato, of the destruction of an island in the Athaffe 
Ocean, related to tlie rupture of this isthmos ; and Dr. Mnsgiaie 
quotes tlie weli«hnown passage in Virgil t 

— «-Feaitni toto HvinM orlM Brilsniioty 

as a proof that Virgil was aware of such a rupture, and aiiadad la 
k. When men have recourse to such prooA as these in support of 
an opinion, it affords clear evidence that they have notba^ better lo 
produce. 

Anotlier ingenious fancy that has occasionally been indulged, and 
in a few instances been atteropte<l to be embodied into a living fiictj is 
that of uniting one sea with another by a bold and magnificent ca. 
aal cut through the bthmus by which they are occasionaiiy sepa* 
mted. One of the earliest attempts of this kind of which we have 
any account, is the splendid undertaking to unite the Mediterraneau 
with the Red Sea by means of the Pelusian branch of the Nile. 
This great work was begun by Sesostris, King of Egypt, and carried 
on by his successors down to the time of Ptolemy Philadelplius. It 
was denominated the canal of the kings; was a hundred cubits 
broad, and of a sufficient dtpth to bear the largest vessels. It was 
nearly but never completely finished ; the grent objection being 
drawn from au unfounded idea that th« bed of the Red Scab muck 
laflier than the soil of Egypt, and consequently that if the canal were 
to be opened, it would drown the country, or at least destroy ait 
the benefit of the periodical exundation of the Nile. Trajan, bov- 
ever, appears to have nrade some attempt to revive I hi& magnificent 
speculation) and M. Petit, and several other celebrated French ea* 
gineers, were consulted by their own government as to the espc 
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dkitj of ki ^mtmOaa Mbmtllht niiMfe of liM ttnttloMlh 
inly* 

An c^voUy ipleodidi but cquoUy ofliaeeetilU aUmpI mm 
■woccd by Chtrlesnagne iu tbo year 793^for wiitiag the SuKneoa^ 
the Ooean by a cbanueli which was designed to be 2000 paeai hm% 
aad 100 broad, aad to ran from the river Altmnll lalfiag wlo tile 
DiMHibe abov« Ralisbon, to the river Noth patMigby NaMibwg^ 
and thence into the Rhine by the Maine* Tbo attempt tnm ni 
nborthro, though began aadcr considerable anspiees of sncoeMi 

One of tbo aioat fisvooiite hypotheses that has been indnlged If 
geographers and circumnavigators of different ages, is that of m pna- 
•age to India from North America in a westward direction s and 
npon this subject we cannot do better than quote the MIowing 
paper npoa the sobject as printed hi the Philosopbicai Tnnisactiafla 
lor 1675, in which the reader will observe that the most saiigwins 
oapectations weve indulged at that period. 

It is saffideoUy known to those who have made any iaspeetion 
into the navigation of this and the former age» how solicitoosly 
the States of the United Provinces have laboured to encoontga 
those, who should first discover a more eompendioos and shorter 
passage by the north, to China, Japan, and other eastern comu 
tries. But tliose who first ventured on this enterprise, found by 
sad esperiencey that the sueoess did not answer their expectatton 
aad hopes. 

Those who immediately succeeded them in that adventure, weee 
not ranch mote siicceisfol ; for treading the same steps that tba 
Ibrmer had done, they were Involved m the same dificolties; besag 
misled by an opmion, that tliat part of tlie sea, wbidi lies b tt a im 
Nova-aembia and the continent of Tartar^, was passable, and 
4hat tbty might saU through that to Clima. But it is now weH 
known to the MuKovites and others, that Noviu^^snibla is no 
island, but a part of Tartary ; to which it is annexed on the emt 
by a hirge neck of laad, that the arm of sea, mto which there is n 
passage through the Weigath^straits, is not really sea, but a hdie 
of fresh water; the great abundance of rivers, which out of Asia 
emptcd themselves into this gulf, causing this freshness : so that it 
IS not to be counted slrange, if, e4)eciilly in the winter seasei^ 
these waters are strongly frosen. 
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Nor IB it to be wondered at, that the bavigfttion of Williaa 
Barents, otherwise an experienced mariner, was unsuccessful, wb# 
passed alon^ the coo^t of Nova-iembla, as far as the fJtU deg. of 
M. latitude, for it is well known, that most of those northern coasts 
-mrt frosen up man^ leagues; though in the opeu sea it is not so; 
BO nor under the pole itself, unless by accident, as nvhen oa the 
approach of summer, the frost breaks,* and the ice which was aear 
AO or 50 leagues off the shore, breaks off from the laiid and floeb 
up and down in the sea. These proJigious floats of ioe were the 
chief obstruction to those that directed their course so aa cw liat laoie 
•to tlie north. 

Some thirty years ago, certain merchants of Amsterdam attempted 
those seas with mncli better success thlin the former. Hiving ad- 
vanced to the 79th or 80lh deg. of northern latitude, they pasicd 
above a hundred leagues to the east of Nova^embla. These beiug 
returned to their own country, with great hopes of finding enooo* 
ragenient to make fiirther discoyeries, petitioned the States Gear. 
ral that they would be pleased to grant tlie navigalioo of the 
northern seas, and of the eastern, not yet discovered to them.*- 
But the governors of the East India Company* bemg sensible how 
aearlv this roiicerned them, presented a coimter petition, deskiag 
that the petition of the said merchants might for the fotuie be re- 
ferred to tiiem and their consideration* The mctchants finding 
their petitions thus crossed, they addressed theinseWes to the King 
of Denmark, who immediately granted their demands. Under hu 
protection therefore they equipped two or three ships, such as they 
judged most prt)per for this voyage. On which the governor of the 
Dutch East India Company raised a considerable sum of money, 
and easily persuaded the mariticrs to desist from so dangerous a 
voyage, aMhey represented it ; and that the merchants miglu have 
no just cause to complain of the said company, the mariners went 
to sea; hut neglecting the directions and orders of those mer. 
chants, they steered their course dir4*ctly for Spitzberg, took is 
their lading of fish, and returned home. 

Upon which the East India Company omitted nothing to find out 
a passage through the north-eastern sea^ for those who were to re- 
turn into Europe from the East Indies. Tliere was then much 
discourse of the Gulf of Ann, by which a passage was said to be 
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tpeii lntA the IVtiiriao S«m : aad tbey ImmI. tome bbto from the 
people of iiipan and the Portuguese, about the country of iezzo» 
wliich ky above Japan. But uot realing satisfied with the bare 
relation, in the years l652 and 1 653, they sent out some skilful 
persooi to diKover those coasts ; who passuig beyond Japan, the 
SOth degree of N. latitude, arrived on the coast of Jesso, where 
tbey fell iuto a narrow sea« yet broad and convenient enough to 
lead into the Northern Ocean. The opposite slioret they called 
ket CompmgfUe lend, and an island seated in the middle of the 
golf they called hei Staien Eyland. Whether this hind of Jezzo 
be annexed to Japan or not, the inhabitants of both countriet 
doubt ; because vast and inaccessible mountains interpose, which 
binder the conimnnication. Neither does it as yet clearly ap- 
pear, whether this land of Jezzo be a part of Tartary, or whe« 
Iher by aa arm of the sea divided from it. The Chinese affirm, 
that Tartary runs 300 Chma leagues eastward beyond their fa* 
mous wall : so that if we follow these, the country of Jezzo and 
Japan may teem to be annexed to Tartary ; but those of Jezzo say, 
that there runs an arm of the sea between them and Tartary: which 
opinion may seem to receive some confirmation from what those 
Hollanders affirm, who were shipwrecked some years since on 
Corea^ a peninsiUa of Chma, where they saw a whale, upon whose 
back stuck a harpiiig-iron of Gascony* It is therefore most pro* 
bable, that thb wliale passed from Spitzbergen through the nearest 
arm of the sea, rather than through the more remote. Afler the 
experiments made by the governors of the East Irtdia Company, in 
the year 1652 and 1 653, they resolved to proceed no further on 
the discovery ; as well because the Emporor of Japan interdicted 
the navigation oi foreigners into Jezzo, in regard, as they say, of 
the vast tribute wlikii he annuiilly raises firom the silver niinet 
there ; as because they thought it may little conduce to then* ad« 
▼anta^, to have tliis compendious way of navigation discovered. 
And therefore they have thought fit to prohibit all further search 
into the navigation to Jezzo, and the adjacent countries ; for which 
▼ery reason they have also endeavoured to conceal their Austral 
plantations. 

Now concerning that tract or space which lies between Spitz« 
bergen, Nova-zembhi, and the Straits of Jezzo, we have no reason 
to entertain any doubt ; especially as many of the Muscovite 

Vol. iir. x 
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itinenirtes assure as, that the coast of Tartary runs, not northward 
ftt)in NoTa-zembIa, but tarns very modi towards the east ; so tbaf 
the head land of Nova.iembta is far the most northern part of aH 
IVirtarv. 

It remains now to inquire by whar eoorse, ami in what season of 
the year, this TOyage is best to be undertaken t It is hardly to be 
doubled, but that the strait whieh lies between Spitcbeif a«f 
Nova.seinbia m.'.y be passed ; and the eoume to be diiYcted to 79f 
79t or 80 degrees of north Isititude. If any shall proceed fiirtber 
In the same work, he will find the passage shorter; for drawing a 
fine from our seas through the T^tli or 79th degree of latitude, to 
tfie Strait of Jezzo, it will be very near a straight line : but if any 
would, from the same degree of latitude, havmg pnssed Nova- 
lembla, choose to steer toward the coast of Tartary, and coast 
along by it* tl'l he meet with some strait, he would find his coone 
lomewhat longer, but perhaps safer and better. 

As to the time of the year, wherein this navigatfon ought to 
begin ; it may be in the bcigiuning of the spring, vis. in the month 
of March, when it is confessed by roost men, that the winds and 
seas are favourable to those that sail to Spitiberg, and the places 
near the pole ; and that they may run all that course from these 
parts in twelve or thirtet- n days : but when (hey have ptatted so 
fir, if any man would design to sail to the Straits of Jezzo^ be 
must steer his course towards the south. But then those motions 
of the wiTids and seas, which were favourable to those who sailed 
northward, will be contrary to those who stand southward ; and 
they may long enough expect northern gales, which seldom blow 
till towards the latter end of summer, viz. in the month of August* 
If therefore any man would contrive to dispatch bis voyage in tlie 
shortest time, it would be safest to make choice of that time of 
the year, where he might soonest make Spitzberg and return agai% 
which might be iu the beginning of summer : yet it would be safer 
to set out sooner, if the wind permit. And although this course 
should happily succeed, it follows not that I should advice them to 
observe the same in their return homeward ; for things of that oi* 
tore must be left to the prudence and conduct of discreet pilots and 
mariners, who ought to shun ail near approach to the coaMs and 
islands which they shall encounter, tor fear of the ice ; and that 
tiiey always make choice of the most oi)en sea^^ w hicli arc least 
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faifentefi with it, and io which the eolds are more modermfe. For 
experience hat sufiiciently taufht, that whole large seaa are tiever 
known tn he frosen, but oniy the sea coatls, from the plenty of 
fresh waters that run into the ocean* and the snows melted in if. 
And tlie same experience has taught, tint there is not that danger 
from the Boating ice, as is valgarly appreliended, especialty in seas 
not aahject to violent storms* and in the Oth or ratlier the 8tfa 
month of the year. 

Wlien tlie nature of thb sea, and of its several straits shall be 
more perfectly discovered, it is not to be doubted but that the 
whole voyajze to Japan may be formed in five or six weeks at the 
most. But in case it should happen, that the ships slioiild be fbreed 
to wmter there, this might be done without much danger ; pro* 
.▼oided they avoided the unadvised example of the Dutch, who 
being necessitated to pass the winter in the most northern climates, 
planted tberoselves there upon the highest lands, in huts framed of 
thin boards ; whereas they ought to sink their houses under ground, 
and to heap much earth over them ; since it b scarcely possible for 
men to subsist in such an excessive severity of winter* unless they 
shelter themselves deep imder the earth.-*-PAi7. TVans. Abr. 
Vol. II. 1677- 

We have only to add, that all hopes of a north.west passage 
have since been completely disappointed from tlie researches of 
modem navigators*. Editor. 

•BCTION ▼• 

Saltness, and other Chemical Properties of the Ocean. 

The ocean is the great. reservoir of water into which the lakes 
and rivers empty themselves* and from which is again drawn by 
evaporation that moisture which, falling in showers of rain, ferti- 
lizes the earth* and suppUes the waste of the springs and waters. 
This constant circulation would naturally dispose one to believe* a 
priori^ that the waters of the ocean do not differ much from the 
waters of rivers and lakes: but nothing would be more erroneous 
than such a conclusion ; for the sea water, as every one knows* 
differs materially from common water in its taste, specific gravity, 
and other properties. It contains a much greater proportion of 

• Se^ farther opon this nil^t, ch. xxxvli* fcctioos iiif iv^> .V 
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saline matter, particularly of common nit, which is oauftUj eH^ 
tracted from it. lodeed. if the sea were not impregnated wMi 
these saline bodies, the putrefaction of the immense mass of anioMf 
and vegetable matter which it contains would in a short time prove 
£ital to the whole inhabitants of the earth. 

The absolute quantity of sea water canno^ be ascertained, as its 
mean depth is unknown. Mr. De la Place has demonstrated, that 
a depth of four leagues is necessary to reconcile the height to which 
the tides are known to rise in the mam ocean with the Newtoain 
theory of the tides ^. If we suppose this to be the mean depth, 
the quantity of water in the ocean must l>e immense. Even on the 
supposition that its mean depth is not grenter than the fourth part 
of a mile» its solid contents (allowing its surface to be thrce-fonrtk 
of that of the superficies of the earth) would be M,MSfi5i^ 
cubic miles. 

Sea water has a very disagreeable bitter taste, at least wbca 
taken from the surface or near tlie shore; but whea hnmffA ap 
from great depths, its taste is only saline f. Hence we kun thai 
this bitterness is owing to the animal and vegetable subalaiices with 
which it is mixed near the surAice. Its specific ginvlty varies from 
l-026d to 1H)285 1. It does not freese till cooled down to S5*2'§ 
of Fahrenheit's scale. 

It has been ascertained by the experiments of diflerent cbe* 
mists II, and especially by those of Bergman, that sea water holds 
in solution muriate of soda, muriate of magnesia, sulphate of 
magnesia^ and sulphate of lime ; besides the animal and vegetable 
bodies with which it is occasionally contaminated. The average 
quantity of saline ingredients is l-28th. Bergman found water 
taken up from the depth of 6o fathoms, near the Canaries, by Dr, 
Sparrman, to contain 1.24th. Lord Mulgrave found the water 
at the back of Yarmouth sands to contain about l-d2th part 
Bergman found water taken up from a depth of sixty fathoms to 
contain only the following salts in the following proportions. 

• Mem.Par.m6y p. 213. 

+ Bei^raan, i. 180. 

X Bladb. Kirwan*9 Geological Rs$ays, p. 355. 

^ Nairne, Pliil, Trant. 17 16, Part First. 

I Monnet, Lavoisier, Baom^, ^. bare poblished aoalyiefl of sea walfer. 

» 
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30*91 1 comnion smiK 
6*S22 muriate of magnem. 
1 000 sulphate of lime* 
Mr. Lavouier fouod 10>000 parts of sea water taken, up oa the 
svest of Dieppe to contain the fol lowing salts : ' 

1375 muriate of soda. 
266 muriate of lime and magnesia. 
156 muriate of magnesia, 
87 lime. 
84 salpbate of soda and magnesia. 



1958 
#r almost l»5th of saline contents*.; Imt this proportioB is un- 
doubtedly excessive. My analysis gives LdOth of saline contents 
in the water of the Frith of Forth. The salts which 1 found were 
the same as those announced by Bergman^ sulphate of magnesia 
excepted, which exists in all the specimens of sea water that I have 
exammed ; and the proportion of it is considerable. 

As fur as experiment has gone, the proportion of saline contents 
does not difier much, whatever be the latitude in whioh the water 
of the ocean is examined. Lord Mulgrave, in north latitude 86% 
and 60 fathoms under ice, found the saline contents of sea water 
0*0354; in latitude 74% he found them 0*035; in ktitude 6(f, 
0*034. Pages found sea water taken up in north latitude 45^ and 
39° to contain 0*04 of saline contents ; and Baum6 obtained by 
nnalysis, from water taken up by Pages in north latitude 84^ and 
14% exactly the same proportions of saline natter. In southern 
latitudes Pages found the following proportions of saline matters : 
Latitudf. Saline Matter. 

4gP 50'. 0-0416 

46 O 0*045 

40 30 0*04 

25 54 ., 0»04 

20 0*039 

1 16 , 0*035 

From the experiments made by Rladh on the specific gravity of 
sea water in difierent latitudes, it appears that the water contains 
more salt at the tropics than towards the equator. 



irf^ 



* Jfem. Pun 177f , ai quoted by Kirwan. 
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If we were acquainted with the proportion lietween the saline coo« 
tents of sea wafer and its specific pvavitT, it would be eas^r in all 
cases to ascertain the quantity of saline matter merely by taking the 
specific gravity of the water we wish to examine. I'his would re. 
quire a set oi experiments on purpose ; dissolving in pure water 
dit!ereut quantities of tlie salts cdntahied in sea water in the proper, 
tions which they bear to each other, and aseertaiiiini; the specific 
gravity of every such solution. Dr. Watson has given us a Table 
for ascertainiiig that point, as far as common salt is concerned ; and 
as the salt which he used was not |>erliectly pure, but contained a 
niixture of the diflferent salts usually found in the sea» we may coa* 
sider it as very nearly determining the proportion of saline contents 
in sea water as far as it gees. This Table therefore I shall here 
Insert*. 



Proportivn of 


.SfMcllk 


Proportion ut 


Sfieciflc 


Proportion of Speriic 


SalL 


Grariiy. 


Sdt. 


GraTky. 


Salt. Gnviiy. 





l-OOO 


1.21st 


1-032 


1.84 th 


1*007 


l.half 


1'506 


1.24th. 


1-029 


l.lD8th 


1-000 


1.4(h 


M60 


1.27th 


1-027 


1.120th 


1*005 


1.5th 


1*191 


1.28th 


1*025 


1.144th 


1-004 


1.6th 


1'107 


1.30th 


1-024 


1.162nd 


1*003 


1.71h 


1-006 


1.32nd 


1-023 


1. 192nd 


I 0029 


1.8 th 


1-087 


* 1.36eh 


102»J 


1.256tb 


1-0023 


1.9th 


1-074 


1.39th 


1*019 


1.320th 


10018 


1-1 2th 


1*05 9 


U42nd 


1-015 


1.448th 


l-00\7 


M4th 


1-050 


l.48(h 


1-014 


1.5Hth 


1-0014 


1.16th 


1-048 


ld4th 


lOU 


I. 848th 


i-ao8 


i.iath 


1-045 


1.56th 


1-012 


l-1024th 


1 0006 


KlHth 


1040 


l-72nd 


1-009 







This Table was calculated at a temperature betweeu 46^ and 
55^; but Mr. Kirwan has reduced part of it to the telnperature of 
62^4 in order to compare it with the speciftc gravities of sea.watcr 
taken at that temperature, or at least reduced to it Tlie specific 
gravities, thus altered by Kirwan, are as follows : 

Proporlioo of SalL Specific Gravity at GS^. 

1 .24th 1 -0283 

1.25th 1*0275 

1.26th 1*0270 

1.27th , 1*0267 

1.28th 1 -0260 



• Wat«on*9 Chemical Ettays, p. 91. 



m PEOriRTIES AND DIVISIONS* 



mt 



i.aoth ..I'O^i 

1.39th i-OlM 

1.44th 1-0133 

1.9tSth •/.... 1-0105 

1.108th 1004 

l.l«2ad 1*0093 

This table will enable us to ascertain the saline conteots of ma- 
water in difierent parts of the Atlatrtic and Indian Ooeau», from 
the following Table of the epecitic gravity of sea-water In difieraat 
fwrts of tliese oceans, constructed by Bhidfa, and reduced by 
Kirwau to the temperature of 6^°\ 



LATrruDB* 


LOYOITUDE f • 


Sp. Gr. at ««•. 


North. 


East. 




59® 30" 


8^ 48^ 


1-0272 


57 18 


18 4S 


1-0269 




West. 


' 


67 01 


1 ^2 


1-0272 


54 00 


4 45 


1-0271 


44 32 


2 04 


1-0276 . 




East. 


" 


44 07 


1 00 


1-0276 ! 


40 41 


30 


1-0276 


34 40 


1 18 


1-0280 


S9 50 


00* 


1-0281 




West 




24 00 


2 32 


i-0284 


18 28 


3 24 


10281 


Id 36 


3 37 


1-0277 


14 56 


3 46 


1-0276 


10 30 


3 49 


10272 


5 50 


3 28 


1-0274 


2 20 


3 26 


10271 


1 25 


3 30 


1-0273 


South. 


1 


■ 


16 


3 40 


1-0277 


5 10 


6 00 


1-0^77 


10 00 


6 05 


1-0285 


14 40 


7 00 


1-0284 


20 06 


5 30 


1-0285 


25 45 


2 22 


10281 


1 


East. 




30 25 


7 12 


10279 


37 37 


68 13 


10276 



• KIrwan's Om4 JBiti^f , pw 350. t Tbe Long, it coontcd from TenerMVv 
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From t]» Tible» compured witli the Ust, we learn tlivt the occm 
contains miMt mU between i»oulb latitude 10° and $CP ; the nlinc 
contents amounting to rather more llian l-S'tUu The quantity of 
salt betweeo nortb latitude tB'' and S^"" is ratlier lets tbao M4th : 
at the equator it is nearly 1.25th. Tlie proportioB of salt is least 
of all in north latitude 57% where it amounts to little more than 
1.27tb. 

From tbe experiments of Wilcke, we learn that tbe Baltic coo- 
Hum much less salt than the ocean ; that tlie proportion of ks salt 
is increased by a west wind, and still more by a north west wind. 
Tbe specific gravity of the Baltic water, ascertained by this pbilo* 
sopher under these diflerent circunistauces, and reduced by Mr. 
Kirwan to tbe temperature of 62^ is exhibited in the followiuf 
Table : 

Speciflc Gravity. 

1*0030 Wiiid at £• 
1.0067 Ditto at W. 
1-0118 Storm at W. 
1-0098 Wind at N.W. 

From this Table it appears that the proportion of salt in the 
Baltic, when an east wind prevails, is only 1- 108th ; and that this 
proportion is doubled by a westerly storm : a proof not only that 
the saltness of th^ Baltic is derived from the neighbouring ocean, 
but that storms have a much greater effect upon tbe waters of the 
ocean than has been supposed *. ' The Euxine and Caspian Seas, if 
we believe Tournefort, arc less salt than the ocean t; but it is 
probable that the Mediterranean is at lea^t as salt as the Atlantic. 

We have already observed, that the water of tbe Dead Sea differs 
exceedingly from sea-water^ and have given tbe result of an analysis 
in proof of such observation. This water is in truth rather to be 
regarded as of the nature of a mineral water^ and we have described 
it accordingly. 

From the whole now offered it does not appear that the saline 
contents of the ocean differ very ehsentially in di^rent parts of it, 
though the lakes and inland seas may evince some degree of dis- 
parity. 



* Kirif aa*5 QtoUgual Etsayst p. 366. 
t Touroeforfs V4>yage9, ii, 4I0» 
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' It wat» bovrcfer.aa opiokMi of Dr. H«llcf> that lioi#efer iiDiforai 
die taJUM^ of the ocean may be in differeiit parts of it at a ^i?eo 
period of tiiiie» its general mass has been progreastrely becoming 
more impregnated with saline materials^ and hence actually Salter 
to the taste, ever since the formation of the world j and he endea* 
vonrs to ground a proof of the age of the world upon this circum* 
stance. Hb paper» which is short and ingenious^ u as foltowa. 

'* There have been many attempts made, and proposab offered, to 
ascertain from the appearances of nature, what may have been the 
antiquity of this globe of earth ; on which, by the evidence of sa« 
cred writ, mankind has dwelt about 6000 years ; or hccording to 
the Septuagint above 70OO. But as we are there told that the tor. 
mation of man was the last act of the Creator, it is no where re* 
vealed in Scripture how long the earth had existed before this last 
creation, nor how long those five da^s that preceded it may be to 
be accounted 1 since we are elsewhere told, that iu respect of the 
Almighty a thousand years b as one day, being equally no part of 
eternit:y ; nor can it well be conceived how those days should be to ^ 
be understood of natural days, since they are mentioned as men- 
sures of time before the creation of the sim, which was not till the 
fourth day.- And it b certain that Adam found the earth, at hb 
first production, fully replenished with all sorts of other animals. 
Thb inquiry seeming to me well to deserve consideration, and wor* 
thy the thoughts of the Royal Society, I shall take leave to propoea 
an expedient for determiuiug tlie age of the workl by a medrom* at 
I take it, wholly new, and which, in my opinion, seems to promim 
success, though the event cannot be judged of till after a long pc« 
riod of time ; submitting the same to their better judgment. What 
suggested this notion was an observation I bad made, that all tha * 
lakes in the world, properly so called, are found to be salt, soma 
more some less than the ocean, which in the present case may also be 
esteemed a lake ; since by that term I mean such standing waters as 
perpetually receive rivers running into them, and have no exit or 
evacuation. 

** The number of these lakes, in the known parts of the world, n 
exceedingly small, and indeed on mquiry I canuot be certain there 
are in all any more than four or five, viz. 1st. The Caspian Sea ; 
2dly, The Mare Mprtttum, or Lacus Asphaltites ; 3dly, The lake 
on which stands the city of Mexico; and 4thiy, The lake of Titi* 
caca in Peru^ which by a channel of about fifty leagues communi* 



314 THB OCBAir, 

cafes with a fifth and smaller/ called the lake of Paiia, naitlier of 
which have any other exit* Of these, the Caspian* which is hy 
much the greatest, is reported to t>e somewhat less salt than the 
ocean. The Lacus Asphaltites is so exceedingly salt, that ita watcfi 
seem fully sated* or scarcely capable to dissolve any man ; whence 
in summer-time its hanks are incrustated with great qoautities^f 
dry salt, of somewhat a more punsfeut nature than the marine^ ai 
having a relish of sal ammoniac ; as I was informed by a canovi 
gentleman who was on the plare. 

*' The lake of Mexico, prop'^rly speaking, i^ two lakes, divided hy 
the causeways that lead |o ilic city, which is built in itbuids hi the 
midst of the lake, nndoubtedly for its security ; aller the idea, pre* 
bably* which its first founders l>orrow'ed from their lieavert* who 
build their houses on dams they make in ttie rivers after that auui- 
ner. Now that part of the luke which is to the northward of the 
town and causeways, receives a river of a considerable asagnHiidcb 
which being soiuevihat higher than the otiier, does with a iuniU fidl 
axooemte itself in the southern part, which is l.»wer. , Of these the 
lower is found to be salt, but to what degree I cannot yet leara* 
though the upper be almost fresh. 

'^ And the .ake of Titicaca,. being nearly eiglify leagues in ctrcma- 
ference,and receivuig several considerable fresh rivers, has iH waters^ 
by the testimony of Herrera and Acosta, so brackish as not to be 
potable, though not fully so salt as that of the ocean; and the Ijke 
they afinrm of that of Paria, into which the lake of Titicaca does io 
part exonerate itself, and which I doubt not will be foond much 
Salter than it, if it were inquired mto. 

" Now 1 conceive that as all these lakes receive rivers,aiid have no 
exit or discharge, so it will be necessary that their waters rise and 
cover the land, until such time as their surfaces are sufiiciently ex* 
tended, so as to exhale in vapour that water which is poured in by 
the rivers; and consequently that lakes must be larger or smaller, 
according to the quantity of the fresh they receive. But the va- 
pours thus exhaled are perfectly fresh ; so that the saline particles 
brought in by the rivers remam l>ehind, while the fresh evaporata; 
and hence it is evident that the salt in the lakes will be cootmually 
augmented, and the water grow sailer and Salter. But in lakes that 
have an exit, as the lake of Gcnesaret, otherwise called that of Ti- 
herias, and the upper lake of Mexico, and indeed in raost others. 
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I 

the wttcr beinf eoatihiaally niiiaing •if^ it sopptied by new Ireah rhrer 
water, id wliicb the mlioe particles are ao few w by so means to be 
perceifed.** 

** Now if this be tbe true reason of the saltness of these hikes, it is 
not improbable but that tlie ocean itself b become salt from the 
same cause, and we are thereby furnished with an argument lor es» 
thnaling the duration of all things, from an obsenration of the in* 
creiiient of saltness in their waters. For if it be observed what 
quantity of salt n at present contained in a certahi weight of the 
water, of the Casfnan Sea, for example, taken at a certain place, in 
the driest weather : and afier some centuries of years the same weight 
of water, taken in the same place, and under the same circum* 
stances, be found to contain a sensibly greater quantity of salt than 
at the time of the first experiment, we may by the rule of propofv 
tion, make an estimate of tlie whole time wherein the water wouM 
acquire its present degree of saltness. 

** And this argument would be tbe more conclusive, if by a like ex. 
periment a similar increase in the saltness ot the ocean should bo 
observed : for that, af^er the same manner as aforesaid, receives io* 
numerable rivers, nU which deposit their saline particles therein ; and 
are again supplied, as I have elsewhere showed, by the vapours €^ 
the ocean» which rise from it in atoms of pure water, without the 
kast admixture of salt. But the rivers in their long passage over 
the earth imbibe some of its saline particles, though in so small « 

m 

qoandty as not to be perceived, unless in these their depositories 
«fler a long tract of time. And if, on repeating the expertmenf, 
tfter another equal noml>er of ages, it sliall be fonnd that tbe salt. 
ness is further increased with the same increment as l>efoie, than 
what is now proposed as hy|K>thetical, would appear«little less than 
demonstrative. But since this argument can be of no use to ourselves, - 
it requiring very greet intervals of time to come to onr cmdnsloo, 
it were to be wished that the ancient Greek and Latin authors had 
delivered down to us the degree of the saltness of the sea, ns it was 
about two thousand years ago : for then it cannot be doubted but 
that tbe difference between what is now found and what then was, 
would liecome very sensible. I recommend it therefore to the So* 
dety, as opportunity shall oflBrr, to procure tbe experiments to be 
made of the present degree of saltneai of the ocean, and of as many 
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of theM lakes as can be cooae at^ that they may stand npoo racoid 
for the benefit of future ages* 

*' If it be objected that the water of the ocean, and perhaps of aoaac 
of these lakes, might at the first begumiu|( of thmgs, in boi 
sure contain salt* so as to disturb the proportionality of the ■ 
of saltness in them, I will not dispute it : but shall observe that sack 
a supposition would by so much contract the age of the woild, 
within the date to be derived from tlie tbregoiog argument, which 
is chiefly intended to refute the ancient notion, some have of ble 
entertained, of the eternity of all things ; though perhaps by it the 
world may be found much older than many have hitherto ona- 
gined." 

It must be admitted, observes Dr. Thomson upon the above h]^ 
pothesis, that this is an ingenious and plausible spieculation ; but it 
will not bear a rigid examination. We have no evidence whatever, 
that the sea was not salt at its original formation, ludetd there is 
presumption in favour of that opinion 5 because many of the am. 
mals which it contains cannot live in fresh water. Hence we mast 
cither admit that the sea remained for many ages uninhabited, or 
that it was salt at its first formation. But, granting that the sea 
was originally fresh, it wonld not follow that it became salt by eva- 
poration, unless we were certain that tlie vapoor which nses from 
the sea is absolutely destitute of salt. But we have evidenoe that 
this is not the case. Margraaff found salt in rain water, which must 
have been originally raised by evaporation, either from the sea or 
the land ; and, if we suppose the latter, the supposition makes mote 
strongly for the reality of the vapour from sea-water containing 
some salt. But even if this point were given up, still there b an- 
other consideration which would make it diflicult or imposable to 
deduce any conclusions from the rate at which the saltness of the 
sea increases. It is tnie that salt is mixed, to a certain amooot, 
with almost every mineral in nature, as follows from the galvanic 
experiments of Mr. Davy. But the proportion of it is very variovs 
in different places. Sometimes, as in Cheshire and in Poland, we 
find it deposited in prodigious quantities, so as to form beds of 
enormous thickness. In other cases it is loosely scattered^ butm 
very inconsiderable quantities, in rocks and the soil. While in other 
cases it is 90 intimately mixed, that it cannot be separated^by any 



OF TlDBtf. 317 



Other ttetbod, with which we are acquainted, than the 
cnergj. Water flowing through minerals' of such different naturai 
must dissolve very difierent proportions of salt. In beds of the fint 
kind, it may, in certain circumstances, become saturated with salt^ 
and will always dissolve so much as to be entitled to the name of a 
aalt spring. In beds of the second kind, it will dissolve only a very 
ninute quantity of salt; and, in those x>ftlie third kind, if any such 
exist of any considerable extent, it will dissolve none at all. Henoe 
waters, when they began to flow into the sea and juto lakesj would 
contain veiy different proportions of salt, according to the nature of 
the country through which they flowed ; and hence different lakes, 
and difierent parts of the sea, would possess difierent degrees of 
saltness, and would increase in saltness at very different rates. Fi^ 
nally, this increase of saltness of the sea, if it takes place at all, roust 
do so with inconceivable slowness ; for the specific gravity of sea- 
water has never been observed to increase since tbe first time that it 
ever was taken, which b more than a century ago. 

iTkomton. Pkil. Trans. IJIS.I 

SBCTION VT. 

Ofl the Tides. 

1. Eapdanation of the received or Nctotonian Sjfstem. 

The height of the surface of the sea at any given place is ohsenr. 
ed to be liable to periodical variatioas, which are found to depend 
on the relative position of the moon, combined in some measure 
with that of the sun. These variations are called tides ; they were 
too obvious to escape the observation even of the ancients, who in- 
habited countries where they are least conspicuous : for Aristotle 
mentions the tidee of tbe northern sea^, and remarks that they vary 
with the moon, and are less conspicuous in small seas than in the 
ocean : Ciesar, 8trabo, Pliny, Seneca, and Macrobius give al99 
tolerably accurate accounts of them. 

There are in the tides three orders of phenomena which are se- 
parately distinguishable: the first kind occurs twice a day, tbe 
second twice a month, 9nd the thhd twice a year. Every day, 
about the time of the moon's passing over tbe meridian, or a certain 
number of hours later, the sea becomes elevated above its mean 
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Mjsiht, and jit this time it is said to lie hi^ water. The elevation 
aahsides bv ^iel;rt^es and iii about six hours it is low water, the sea 
luvincr attam(*d itb greatest depression; after this it rises ajKaio 
when ihe moon passes the meridian helow the horiaon, so liitt the 
ebb and flood occur twice a day^ but become daily later and kler 
by about 50^ minutes^ which is the excess of a lunar day above a 
aolar one, smce 28| lunar days are nearly equal to 39^ ^olar 
onetw 

The second phenomenon is, that the tides are sensibly la cr e a i cd 
at the time of the new and full moon : this increase and dimiDatioa 
constitute the spring and neap tides ; the augmentatioD becooKi 
alsojtiH more observable when the moon is in its perigee, or neaieit 
the earth. The lowest as well as the highest water is at tbe time 
of the spring tides ; the neap tides neither rise so high nor £dl so 
low* 

The third phenomenon of the tides is the angmentatioB which 
occurs at the time of the equinoxes: so that Ihe greatest tides are 
when a new or full moon happens near the equinox, while tiie mooo 
is in its perigee. The eil'ects of these tides are often still more in* 
creased by the equinoctial winds», which are sometimes so powerful 
as to produce a greater tide before or after the eqiiinoz, than that 
which happens in the usual course, at' the time of the equinox 
it;»elf. 

These simple facts are amply sufficient to establish the depend- 
ence of the tides on the moon ; tliey were first correctl5 explained 
by Newton as the necessary consequences of the laws of gravitation, 
but the theory has been still further improved by tbe labours of 
later mathematicians. Tiie whole of the investigations has been 
considered as the most ditiicult of all astronomical problems; some 
of the circumstances depend on causes which must probably remain 
for ever unknown to us ; and unless we could every where measure 
the depth of the sea, it would be inipossible to apply a theory, evea 
if absolutely perfect, to the solution of every difficulty that might 
occur. A very injudicious attempt has been made to refer tlie 
plienomena of the tides to causes totally different from tliew, and 
dejK'ndiiig on the annual melting of the polar ice : the respectability 
of its author is the only claim which it possesses even to be meiu 
tioned : and a serious confutation of so groundless an opinion would 
be perfectly superfluous. 
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A dtetached portkNi of a fluid would nafanlly atsonie^ by hi 
mafiMl gravifafkm, a spherical form* but if it gravitate towards 
another body at a distance, it will become an oblong spheriod of 
which the axis will point to the attracting body s for the diflerence 
of the attraction of this body on its different parts will tend to se. 
parate them from each other in the greatest part of the sphere, that 
is, it all places within the angular distance of 79^^ from the line past* 
ing through the attracting body, either in the nearer or intheremote( 
hemisphere; but to urge them towards the centre, although with a 
smaller force in the remainiug'part. Hence, in order that there 
may be an equilibrium, the depth of the fluid must be greatest where 
its graiitatiou, thus composed, is least; that is, in the line directed 
towards the attracting body, and it may be shown that it must as* 
some the form' of an oblong elliptic spheroid. 

If the earth were wholly fluid, and the same part of its surfliee 
welre always turned towards the moon, the pole of the spheroid 
being Immediately under the moon, the lunar tide would remuin 
stationary, the greatest elevation being at the points nearest to the 
moon and furthest from her, and the greatest depression in the 
circle equally distant from these points; the elevation bemg, how« 
ever, on account of the smaller surface to which it is confined twice 
as great as the depression. The actual height of thi sele'vatioii 
would probably be about forty inches, and the depression twenty, 
making together a tide of five feet. If also the waters were capa* 
ble of assuming instantly such a form as the equiUbriom would re* 
quire, the summit of a spheroid equally elevated would still be 
directed towards the moon, notwithstanding the earth's rotation* 
This may be called the primitive tide of the ocean : but on account 
of the perpetual change of place which is required for the aoeom* 
modatioQ of the surface to a similar position with respect to tiM^ 
moon, as the earth revolves, the form must be materially difl^ieut 
from that of sucb a spheroid of equilibnom. The force employed 
in producing thb accommodation may be estimated by considering 
the actual surface of the sea as that of a wave moving on the sphe. 
roid of equilibrium, and producing ib the water a sufficient velocity 
to preserve the actual form. We may deduce, from this mode of 
considering the subject, a theory of the tides which appeals to be 
More simple and satisfactory lion any whicb ha? jet been publisli* 
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cd : and by comparing the tides of narrower scaa andhkcs will 
the motions of pendulums suspended on vibrating ceoUrea, we maf 
extend the tlieory to all possible cases. 

If the centre of a pendulum be made to vibrate, the TibratioM 
oftbe pendulum. itself, when they have arrived at a state of per- 
Bwiicnce^ wilt be performed in the same time with those of the 
centre ; but the motion of the pendulum will be either in the saoM 
diiectioo with that of the centre, or in a contrary direction* aocord. 
ugly as the time of this forced vibration is longer or shorter than 
that of the natural vibration of the pendulum; and in the same 
manner it may be shown that the tides either of an open ocean oi 
of a confined lake may be either direct or inverted with respect te 
the primitive tide, which would be produced if the waters aiwa^ 
assumed the form of the ttpheroid of equilibrinm, accordio^ to the 
depth of the ocean, and to the breadth as well as the depth of the 
lake. In the case of a direct tide, the time of the passage of the 
luminary over the meridian must coincide with that of high 
water, and in the case of an inserted tide with that of lov 
water. 

In order that the Innar tides of an open ocean may be directi 
or synchronous its depth must be greater than thirteen miles, ami 
for the solar tides than fourteen. The less the depth exceeded 
these limits, the greater the tides would be, and in all cases they 
would be greater than the primitive tides. But in fact the height 
of the tides in the open ocean is always far short of that wliidi 
would be produced in this manner ; it is therefore improbable that 
tlie tides are ever direct in the open ocean, and that the deptli of 
the sea is so great as thirteen miles. 

In order lliat the height of tlie inverted or remote Innar tides 
may be five feet, or equal to that of the primitive tides, the depth 
of the open sea must be 6^ miles ; and if the height is only two 
feet, which is |>erlraps not far from the truth, the depth must be 
three miles and five-sevenths. 

The tides of a lake or narrow sea differ materially from those of 
the o|)eo ocean, since the height of the water scarcely undergoes 
any variation in the middle of tiic lake ; it must always be bi^ 
water at the eastern extremity when it is low water at the western : 
and this must Jiappen at the time when the places of high and hyw 
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w«ter» with respect to the primitive tidM, are eqoailj ({ittaat from 
the middle of the lake. 

The tides may be direct in a lake one hundred fathoms doq> and 
leas than eight degrees wide ; bat if it be much wider, they must 
be inverted. Supposiog the depth a mile, they will be direct when 
the breadth is less than 25° ; but if a sea« like the Atlantic^ were 
fifty or sixty degrees wide, it must be at least four milfs deep, in 
order that the ^time of high water might coincide with that of the 
moon's southing. 

Hitherto we have considered the motion of the water as free from 
all resistauce; but where the tides are direct, they 'muft be retard- 
ed by the effect of a resistance of any kind ; and where they are 
inverted, they must be accelerated ; a small resbtance prodod^g, 
in both cases, a considerable difference in the time of high 
water. 

Where a considerable tide is observed in the middle of a limited 
portion of the sea, it must be derived from the effect of the eleva* 
tion or depression of the ocean in its neighbourhood ; and such de« 
rivative tides are probably combined in almost all cases with the 
oscillations belonging to each particular branch of the sea. Mr. 
Laplace supposes that the tides, which are observed in the most 
exposed European harbours, are produced almost entirely by the 
transmission of the effect of the main ocean, in about a day and a 
half; but this opinion does not appear to be justified by observa- 
tion ; for the interval between tlie times of the high water belong- 
ing to the same tide, in any two places between Brest and the Cape 
of Good Hope, has not been observed to exceed about twelve 
hours at most ; nor can we trace a greater difference by comparing 
the stale of the tides al the more exposed situation of St. Uaknai 
the Cape Verd Islands, the Canaries, the Madeiras, and the A^orts^ 
which constitute suck a succession as might be expected to have 
indicated the progress of the principal tide, if it had been such as 
Mr. Laplace supposes. The only part of the ocean, which we can 
consider as completely open, lies to the south of the two great 
continents, chiefly between the latitudes 30° and 70* south, and the 
original tide, which iiappens in Ibb widely extended ocean, where 
its depth is sulUciently uniform, must take place, according to the 
tlieory which has been advanced, at some time before the sixth 
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lutiar hour. It sends a wave into the Atlantic, iNrliich is perhapf 
twelve or tbirteeD hours in its passage to the coast of Frai»cr, but 
oertaioly tiot more. This tide, which would happen at the nxtb 
hioar hour after the moon^s transit^ if there were no reni^tance, n 
probably so checked by the reststance, that the water begins to 
9ul>side about the fourth, and in some seas even somewlmt earlier, 
although in otiiers it may follow more nearly its natural 'coune. 
Tliere is scarcely a single instance which favours the su}>posifioo 
of the time of high water in the open sea being withui an hoar of 
the moon's southing, as it must be if the depth werr very great: 
so that neither the- height of the tides nor the time of high water 
will aHow us to -suppose the sea any where quite so deep- «• foar 
nilesi 

The tide entering the Atlantic appears to advance northwards at 
the rate of about live hundred miles an hour, correspoodiog to a 
depth of about three miles, so as to reach Sierra Leone at the 
eight hour after tiie nioon*s southing; tins part of Africa' being oat 
very remote irom the meridian of the middle of the sooth Atlantic 
ocean, and having little share in the primitive tides of that oceaa. 

The southern tide seems then to pass by Cape Blanco and Cape 
Blijador, to arrive at Gibrahar at the thirteenth hour, and to itnife 
its effects with tliose of other tides at various paiti of the coast of 
Europe. 

We niav therefore consider the Atlantic as a detached sea about 
3500 miles broad and three miles deep ; and a sea of these dimen- 
lions is susceptible of tides considerably larger than those of tht 
ocean, but how much larger we cnnnot determine without more 
accurate measures. These tides would happen on the European 
coasts, if there were no resistance, a little less than five hours after 
tlie moon's southing, and on the coast of America, a little more 
than seven hours after; but the resistance opposed to the motioo 
of the sea may easHy accelerate the time of high water in both 
cases about two hours, so that it may be a little before the third 
hour on the western coasts of Europe and of Africa, and before 
the fifth on the most exposed parts of the eastern coast of America; 
and in tlie whole of the Atlantic, this tide may be combined more 
or less both with the general southern tide, and with the partial 
effects, of local elevations or depregsious of the bottom of the sea. 



OP TiDe.<9. SQS 

which may cause irregularities of various klnd^. Tlic southern tide 
hy however, probably less considerable than has sometimes beeu 
supposed, for, in the latitudes in which it must originate, the ex. 
tent of the elevation can only be half a^ great as at the equator ; 
and tlie Islands of Kerguelen's Land and South Georgia, in the lati. 
tudes of about 50° and 55^, have their tides delayed till the tenth 
and eleventh hours, apparently because they receive thero prin. 
cipaliy from dbtant parts of the ocean, which are nearer to the 
equator. 

On the western coasts of Europe, from Ireland to Cadiz, on 
those of Africa, from Cape Coast to the Cape of Good Hope, and 
on the Coast of America, from California to the streights of Mtl- 
gellan, as well as in the neighbouring islands, it is usually high 
w^ter at some time between two and four hours after the.moou*s 
southing; on the eastern coast of South America between four and 
six, on that of North America between seven and eleven; aud on 
the eastern coasts of Asia and New Holland between four and 
eight. The Society islands are perhaps too near the middle of the 
Pacific ocean to partake of the effects of its primitive tide, and their 
tide, being secondary, is probaWy for this reason a few hours later. 
At the Almirautes near the eastern coast of Africa, the tide is at 
the sixth hour; but there seem to be some irrcgularitie* in the 
tides of the neighbouring islands. 

The progress of a tide may be very distinctly traced from its < 
source in the ocean into the narrow and shallow branches of the 
sea which constitute our channels. Thus the tide is an hour or 
two later at the Scilly Islands than in the Atlantic, at Plymotith 
three, at Cork, Bristol, and Weymouth four, at Caen and Havre 
six, at Dublin and Brighthelmstone seven, at Boulogne and Liver- 
pool eight, at Dover near nine, at the Nore eleven, and at Lon- 
don bridge twelve and a half. Another portion appears to proceed 
round JErelandand Scotland into the North Sea ; it arrives from the 
Atlantic at Londonderry in about three hours, at the Orkneys in 
six, at Aberdeen in eleven, at Leith in fourteen, at Leostofie in 
twenty, and at the Nore io about twenty-four, so as to meet there 
the subsequent tide coming from the south. From the time occu- 
pied by the tide in travelling from the mouth of the English chan- 
ut;l to Boulogne, at the rate of about fifty miles an hour, we may 
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calculate that the mean depth of the channel is about twcuty«ei|^t 
fathomed independently of the magnitude of the reaistaiices of tb- 
rious kinds to be overcome, which require ns to suppoae the depth 
from thirty to forty fathoms. In the great river of Amaaop^ the 
eflfects of the tides are still sensible a^the streights of Fmizis, 500 
miles from the sea^ after an interval of several days apoit in tlidr 
passage up : for the slower progressive motion of tbe water no 
mote impedes the progress of a wave agamst the stream, than tbe 
velocity of the wind prevents the transmission of sound in a cob- 
trarv dnreetion. ^ 

Such are the general outlines of the lunar tides; tbcj ar^ hov« 
ever, liable to a great variety of modifications, besides their coss- 
bmation with the tides produced by tbe sun. Whea the moon is 
exactly over the equator, the highest part of the remoter, or infe- 
rior, as well as of the nearer or superior tideSf passes also over tb^ 
equator, and the effect of the tide in various latitudes deoreaset 
gradually from tbe equator to the pole, where it vanishes; but 
' when the moon has north or south declination^ the two -opposite 
summits of the spheroid describe parallels of latitude^ lemainiog 
always diametrically to each other. Hence the two succesnve tidei 
must be unequal at every place except the equator, tbe greater 
tide happening when the nearer elevation passes its meridiao: and 
the mean between both b somewhat smaller thaa the equal tides 
which happen when the moon passes tlie equator. Thb inequality 
is, however, much less considerable thaU it would be if the ses 
assumed at once the form of the spheroid of equilibrium ; and the 
most probable reasons for this circumstance, are, first, that our 
tides are partly derived from the equatorial seas ; secondly, that 
the effects of a preceding tide are in some measure contiuued so as 
to influence the height of a succeeding one; and, thirdly, that the 
tides of a narrow sea are less affected by its latitude than those of 
a wide ocean.^ Tbe height of the sea at low water is the same 
whatever the moon's declination may be. Tliere is also a shgfat 
difference in the tides, according to the place of the moon's noclcs, 
which allows her declination to be greater or less, and this differ- 
ence is most observable in high latitudes, for instance, in Iceland; 
since, m the neighbourhood of the poles, the tide depends almost 
entirely on the declination. 
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hk M these cates, the law of the eleratioo and depmsiou of each 
tide nay be derivedj like that of the vibrationd of a pendQlum 
and of a balance, from the uniform motioii of a point in a circle* 
Thus, if we conceive a circle to be placed in a vertical plane, havhig 
it9 diameter eqnal to the whole magnitude of the tide, and touching 
the surface of the sea at low water, the point, in which the surface 
meets the eircumference of the circle, will advance with a wiiform 
motion^ so that if the circle be divided into twelve parts, the point 
will pass over each of these parts in a lunar hour. It sometimes 
happens, however, in confined situations, that the rise and fall of the 
water deviates considerably from this law, and the tide rises some. 
wiiat more rapidly than it falls; and in rivers, for example in the 
Severn, the tide frequently advances suddenly with a head of several 
feet in height. These deviations probably depend on the magnitude 
of the actual displacement of the wajer, which in such cases bean 
a considerable proportion to the velocity of the tide^ while in the 
open ocean a very minute progressive motion is sufiBcient to produce 
the whole elevation. The actual progress of the tides may be most 
conveniently observed, by means of a pipe descending to some dis- 
tance below the surface* so as to be beyond the reach of superficial 
agitations, and having within it a float, carrying a wire, and indi. 
eating the height of the water on a scale properly divided. 

We have hitherto considered tlie tides so far only as they are oc« 
casioned by the moon ; but in fact the tides, as they actually exist, 
depend also on the action of the sun, which produces a series of 
effects precisely similar to those of the moon, although much less 
conspicuous, on account of the greater dbtance of the sun, the solar 
tide being only about two-fifihs of the lunar. These tides take place 
independently of each other, nearly in the same degree as if both 
were single ; and the combination resulting from them is altematelj 
increased and diminished, accordingly as they agree or disagree, 
with respect to the time of high water at a given place ; in the same 
manner as if two series of waves, equal among themselves, of which 
the breadths are as 29 to 30, be supposed to pass in the same direc- 
tion over the surface of a fluid, or if two sounds similarly related be^ 
heard at the same time, a periodical increase and diminution of tha 
joint efiirct will in either case be produced. Hence are derived the 
spring and neap tides, the effects of the sun and moon being united 
at the times of conjtmctioD and oppoaition, or of th^ new and fiili 
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moon, and opposed at the quadrat ures, or first and last quarters* 
The high tides at the times of tite equinoxes are produced by ibe 
juiDt operation €>( tlie sun and nioou, when both of them are sosi* 
tuated as to act more powerfully tbaii elsewhere. 

The luuar tide beiog much larger than the solar tide« it most al- 
ways determine the time of high and low water, which, in tlie spring 
aud neap tides, re ma ius unaltered by the effect of the son ; so that 
in the neap tides, the actual time of low water is that of the solar 
high n liter; but at the intermediate times, the lunar high water is 
more or less accelerated or retarded. The progress 4>f this alteia. 
tiou may easily be traced by means of a simple construction. If 
we make a triangle of which two of tlie sides are two feet and fife 
feet in length, the external angle which tliey form being equal to 
twice the distance of the lummaries the thurd side will shew piedselj 
the magnitude of the compound tide, and the halves of tbe two 
angles opposite to the first two sides the acceleration, or RtardalioDy 
of the times of high water belonging to the separate tidca respec. 
tively. Hence it appears that the greatest deviatimi of tbe joint 
tide from the lunar tide amounts to 11^ 48' in longitude, and tbe 
time correspoudbgy to 4? minutes, supposing tbe proporttuo of the 
forces to remain always the same ; but in fact the forces increase in 
proportion as the cubes of the distances of their respectiTc lumina* 
ries diminish, as well as from other causes ; and in order to defer* 
mine their joint effects, the length of the sides of tbe triangle roust 
be varied accordingly. In some |>ort:>, from a combination of cir. 
cnmstances in the channel by whicli the tides reach them, or in the 
seas, in w Inch they originate, the inBuence of the sun and moon 
may acquire a proportion somewhat different from that which mu 
turally belongs to them : thus at Brest, the influence of the moon 
ap))ears to be three times as great as that of tlie sun; when it is 
usually only twice and a half as great. 

Tlie greatest and least tides do not happen immediately at tbe 
times of tbe new and full moon, but at least two, and commonly 
three tides after, even at those places which are most immediately 
exposed to the efiects of the general tide of the ocean. The tlieory 
which has been advanced will afford us a very satisfactory reason 
for this circumstance ; the resistance of fluids in general is as tbe 
square of the velocity, consequently it must be much greater for the 
lunar than for the solar tide, in proportion to the magnitude of the 
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fosce. Mid the acceleration of the lunar tide produced by this cause 
tuust be greater than liiat of the solar ; heuce it may bappeu that 
when tlie Itiaar tide occurs two or three lipurs aAer the transit of 
the inoon, the solar tide may be three or four hours after that of 
the sun, so as 4o be about an hour later« at the tiroes of coqjanctioa 
and opposition, ^ud the tides will be highest when the moon passes 
the meridian about an hour after the sun; while at the precise time 
of the new and full moon, the lunar tide will be retarded about « 
q4iarter of an hour by the effect of the solar tide. 

The particular forms of the channels, tiirough which tiie tides aiu 
rive at different places, produce in them a great variety of local 
modifications ; of which the most usual is, tiiat from the coBv«r* 
gence of the shores of the channels, the tides rise to a much greater 
height than in the open sea. Thus at Brest the height of the tides - 
is about SO feet, at Bristol 30, at Chepstow 40, at St.Maloes 50; 
and at Annapolis Royal, in the Bay of Fundy, as much sometimes as- 
100 feet ; although perhaps in some of these cases a partial oscilla- 
tion of a limited portion of the sea may be au immediate effect of 
the attraction of the luminary. In the Mediter-ranean the tides are 
generally inconsiderable, but they are still perceptible; at Naples 
they sometimes amount to a foot, at Venice to more than two (tet^ • 
and in the Euripus, for a certain number of days in each lunation, 
tliey are very distinctly observable, from the currents which they oc« 
casion. In the West Indies, alsOj and in the gulf of Mexico, the 
tides arc less marked than in the neighbouring seas, perhaps on 
account of some comtuuations derived from the variations of the 
depth of the ocean, and from the different channels by which they 
axe propagated. 

In order to understand the more readily the effects of such com. 
biimtions, we may imagine a canal, as large as the river of the Ama« 
zons, to communicate at both its extremities with the ocean, as to 
receive at each an equal series of tides, passing towards the opposite 
extremity* If we suppose the tides to enter at the same instant at 
both ends, they will meet in the middle* and continue their progress 
witliout interruption : precisely in \he middle the times of high and 
low water belonging to each series will always coincide, and the 
effects will be doubled ; and the same will happen at the point% 
where a tide arrives from one extremity at the same instant that an 
eiylier or a later tide comes from the other ; but at the mtermediate 

Y 4 
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points the effects will be diminished, and at some of Ihcm cony 
pletdy destroyed, where the high water of one tide cokieides with 
the h»w water of another. Tlie tides at the port of Batsha in Ton- 
kfai hate been explained by Newton from consideratbns of this na* 
ture. In thki port there is only one tide in a day ; it is higii water 
at the sixth lunar hour, or at the noon's setting, when the moon has 
north declinatioh, and at her rising, when she has south declination ; 
and when the moon has no declination there is no tide. In order 
to explain this circumstance, we may represent the two unequal 
tidet which happen in succession every day, by combining with two 
equal tides another tide, independent of them, and happening only 
ottce a day ; then, if a point be so situated in the canal which we 
have been considering, that the effects of the two equal semidiumal 
tides may be destroyed, those of the daily tides only will remain to 
be combined with each other ; and their joint result will be a tide 
as much greater than either, as the diagonal of a square is greater 
than its side ; the times of high and low vrater being intermediate 
between those which belong to the diurnal tides considered sepa* 
rately. Thus, in the port of Batsha, the greater tide probably ar- 
rives at the third lunar hour directly from the Pacific ocean, and at 
the ninth from the gulf of Siam, having passed between Sumatra and 
Borneo ; so that the actual time of liigb water is at the sixth lunar 
hour. The magnitude of this compound tide b by nomeuos incon- 
siderable ; it sometimes amounts to as much as 13 feet. 

Besides the variations in the height of the sea, which constitute 
the tides, the attractions of the sun and moon are also supposed to 
occasion a retardation in its rotatory motion, in consequeuce of 
which it b left a little behind the solid parts of the earth; and a 
current is produced, of which the general direction is from east to 
west. This current comes from the Pacific and Indian oceans, round 
the Cape of Good Hope, along the coast of Africa, then crosses 
to America, and is there divided and reflected southwards towards 
the Brazils, and northwards into the Gulf stream, which travels 
round the gulf of Mexico, and proceeds north eastwards into the 
neighbourhood of Newfoundland, and then probably eastwards 
and south eastwards once more across the Atlantic. It is perhaps 
on account of these currents that the Red Sea is found to be about 
25 feet higher than the Mediterranean : their direction may possibly 
have been somewhat changed Jn the course of many ages, and with 
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it the level of the Meditenraiieftn also ; sioce Hkt Aoor of the cithe 
dnil at Revenna is now several feet lower with respect to the 
than it is supposed to have been formerly, and some steps have bees 
ibumi in the rock of Malti, apparently intended for ascending it« 
ivhicb are at present under waten 

{Young. 

For other valuable explanations of the flux and reflux of tlie 
sea, the reader may consult the very excellent paper of Ualley in 
the Philosophical Transactions, year 1697 } the prize essays of Ca. 
vallerii Bemouilli, Macluuruii and Euler* Lalande, Trait^S du Flus 
«t Reflux ; and La Place, M^hanique Celeste. As also Dr* Ro- 
bison's very excellent paper on this subject printed in the Encydo* 
pedia Britannica ; in which he observes, that the smallest aolar 
retardation of the tides is to die greatest, as the diflference of the 
solar and lunar influence is to their sum ; that ist from Dr. Madw. 
lyne*s (observations at St. Helena, as 37 to 87 ; whence the snn'a 
efiect is to that as 2 to 4.96. 

2. Hypoihesii of St. Pierre^ concerning the Tides^ compared 

with the common Doctrine* 

By Stmoel Woods, Esq. 

The tides are two periodical motions actuathig the ocean (called 
tiie flux and reflux, or ebb and flow)> which succeed each other 
alternately, at an intertal of about six hours ; the period of a flux 
and reflux being, upon an average, 12 hours 24 minutes, the doable 
pf which, 24 hours 48 minutes, corresponds to that of a lunar day, 
or the time elapsing between the moon's passing a meridian and 
coming to it again. These alternate elevations and depressions of 
the ocean so exactly correbpond with the course of the tun and 
inoon, as to time and quantity, that the influence of those lomina. 
ries has in all ages been considered as the cause of their produc- 
tion ; but it was reserfed for modem tunes to ascertain the pritu 
ciple of their laws, and to calculate, with predsion, the eflects 
produced by the diffi rent situations of the sun and moon, and the 
proportions of their power. This principle is no other than gravi* 
tation. It is evident that, if the earth were entnrely fluid and quies- 
cent, its particles, by their mutnal gravity, would form the whole 
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mass iiito a perfect ipliere : now, if any power be fvppotcd fo act 
on all the particles of tbis sphere with equal force, and in parallel 
dirYctious, the whole mass would be moved together without expe* 
rienciog any alteration in its figure. But this is not the case with 
respect to the moon's action on our globe : the power of gravity 
dimioishes as the square of the distance iucrea^s, and therefore 
the waters on the side of the earth u^xt the moon are more attracted 
by the moon than the central parts of the earth, and the central 
parts more attracted than the waters on the opposite side ; and 
therefore the distance between the earth's centre and tbe waters oo 
its surface under and opporiite to the moon will be increased. For, 
suppose tliree bodies in the same line, if they are all equally at- 
tracted by any power, they will all move towards it with equal 
rapidity, their mutual distances continuing the same ; but, if the 
attraction of this power is unequal, tlie body most forcibly at* 
tracted will move fastest, and their reciprocal distances will be pro- 
portionally increased : thus, the power of gravitation acting uiu 
equally on the three bodies, the dislauce of the first from llie se. 
cond, and of the second from the third, will be increased in pro. 
portion to the difference of the gravitating power at the distance 
of the three bodies respectively : now, suppose a numl>er of bodies 
placed round the centre so as to form a fluid ring, unequally at- 
tracted by sonic power, the parts nearest and furthest from thia 
power will have their distance from the centre increased, while the 
sides of this ring, being nearly equidistant from the power, the 
centre uill not recede, but rather approach the centre, and form 
an ellip«}i<. To apply this reasoning to the case under consideration, 
while the earth, hy its gravity, tends towards the moon, tlie water 
directly below her will swell and rise gradually ; the water on tbe 
opposite side will recede from the centre (or, more properly, the 
centre will advance), and rise, or appear to rise, while the water at 
the sides is depressed, and falls below the former level : lience, as 
the -earth revolves on its axis from the moon to the moon again io 
2 i hours 60 minutes, there will be two tides of ebb and two of 
fiood in that period. In consequence of the earth's motion on her 
axis, the most elevated part of the water is carried beyond the 
moon in the direction of the rotation, and continues to rise after it 
has parsed directly under the moon, not attaining its greatest eleva- 
tion till it has got aboi|) hidf a quadrant further. It continues als« 
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to descend, after it has pasied at 9(f distance from the point below 
the moon» to a like dbtaiice of about half a quadrant ; and there* 
fore in open seas, where the water flows freely, the time of high 
water does not exactly coincide with the time of the moon's coming 
to the meridian, but is some time after. Besides, the tides do not 
always answer to the same distance of the moon from the meridian, 
since they are variously affected by the sun's action* which brings 
tiiem on sooner when the moon is iii'her first and third quarters, 
and keeps them back later when she is in her second and fourth : 
because, in the former case, the tide raised by the sun alone would 
be earlier than the tide raised by the moon : in the latter case, 
later. 

We have hitherto considered the moon as the principal accent in 
producing tides, but it B obvious tiiat the inequality of the sun's, 
action must produce a similar effect; so that, in reality, there are 
two tides every natural day occasioned by the sun, as well as two 
tides every lunar day occasioned by the moon, aud subject to the 
same laws : on account, however, of the sun's» immense distaiice , 
his action is considerably inferior to that of the moon. By conu 
paring the spring and neap tides at the mouth of the Avon, below 
Bristol, Sir Isaac Newton calculates the pro|>ortion of the moon s 
force to the sun's as nine to two toearly. Dr. Horsley, in his edition 
of the Principia, estimates it at 5.0469 to l ; and, considering the 
elevation of the waters by this force as an effect similar to the ele* 
vation of the equatorial above the polar parts of the earth, it will 
be found that the moon is capable of producing an elevation of 
about ten feet, the sun of about two feet ; which corresponds 
pretty nearly to experience. 

In order to understand the cause of spring and neap tides, we 
must consider, that the moon, revolving round the earth in an ellip* 
tic orbit, approaches nearer and recedes further from it, tlian her 
mean distance, in every revolution or lunar month. When nearest, 
her attraction is strongest, and vice vend : when both huninaries 
are in the equator, and the moon in perigeo, the tides rise highest, 
particularly at opposition and conjunction : at the change, when 
the attractive forces of the sun and moon are combined, the tide is 
raised to a greater height : at the full, when the moos raises the 
tide under and opposite to her, the snn, acting in the same line, 
raises the tides under and opposite to him, wlience th^ir ConjuucI 
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effect is tbe same as at the chaoge, and in both cases occatioas what 
we call spring tides : but at tbe quarters, tbe sun's action diininislies 
the eftct of the moon's action, so that they rise a little under and 
opposite tbe sun^ and fail as much under and opposite tbe moon, 
these two luminaries actmg obliquely on each other, and producing 
what is called neap tides* 

Tbe spring tides, however, do not happen precisely at the full aud 
dMnge of tbe moon, nor the neap tides at the quarters, bbt about 
two days later. In this, as in many other cases, the effects are act 
greatest, or least, when the immediate influence of the cause is 
greatest or least : as, fur instance, the greatest beat of summer b 
not at tbe time of the solstice, but some weeks after ; and if the 
actions of the sun and moon should be suddenly suspended, the 
tides would continue for some time in theft usual course. The va* 
rations of the moon*s distance from the earth produce a sensible 
difference in the tides. When the moon approaches tbe earth, her 
action on every part increases, aud the difi^nces of her action in. 
crease in a higher proportion as the moon*s distances decrease. Ac* 
cording to Sir Isaac Newton, the tides increase as the cubes of tbe 
distances decrease ; so that the moon, at half her distance, would 
produce tides eight times as great. The sun being nearer tbe earth 
in winter than in summer, the spring tides are highest, and the neap 
tides lowest, about the time of the equinoxes, a litUt after the 
autumnal and before the vernal ; and, on the contrary, tbe spring 
tides lowest and the neap tides highest at the solstices, when the 
sun is most distant from the equator. When the moon it in the 
equator, the tides are equally high in both parts of the lunar day; 
but as the moon declines towards either pole, the tides are alternately 
higher and lower at places having north or south latitude : while 
the sun is in the northern signs, the greater of the two diurnal 
tides in our climates is that arising from the moon above the liori* 
son : when the sun is in the southern signs, the greatest is that aris- 
ing from the moon below the horizon. Thus the evening tides in 
summer are observed to exceed the morning tides, and in winter tbe 
morning tides exceed the evening tides : the difference at Bristol is 
found to be fifteen inches, at Plymouth twelve. It would be still 
greater, but that a fluid always retains an impressed ntotion for 
some time, and consequently the preceding tides always affect those 
that follow. 
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If the earth were coveied all over with the set to a gieat depth^ 
the tides woold be regularly subsenrient to these laws ; hot varioos 
causes combme to produce a great diversity of e0ectj according to 
the peculiar situation and circumstances of places, shoals» fords, 
and straits : thus, a slow and imperceptible motion of a large body 
of water, suppose two miles deep, will be sufficient to elevate its 
surface ten or twelve feet in a tide's time ; whereas, if the same 
quantity of water b forced through a narrow channel forty or fifty 
fathoms deep, it produces a very rapid stream, and of coiu^e the 
tide is found to set strongest in those places where the sea grows 
narrowest, the same quantity of water being constrained to pass 
through a smaller passage, as in the straits between Portland and 
Cape la Hogue in Normandy ; and it would be still more so between 
Dover and Calais, if the tide coming round the island did not 
check it. 

' The shoalness of the sea and the intercurrent continents are the 
reasons why the tides in the open ocean rise but to very inconsider* 
able heights, when compared to what they do in wide-mouthed 
rivers opening in the direction of the stream of the tide ; and that 
high water in some hours after the moon's appulse to the meridian^ 
as it is observed upon all tlie western coast of Europe and Africa 
from Ireland to the Cape of Good Hope ; in all which a south- 
west moon makes high water; and the same is said to be the case 
on the western coast of America : so that tides happen to different 
places at all distances of the moon from the meridian, and conse* 
qucntly at all houra of the day. 

To allow the tides their full motion, the space in which they are 
produced ought to extend from east to west 90^ at least ; such be« 
ing the distance between the places most raised and depressed by 
the moon's influence. Hence it appears that such tides can only 
be produced in large oceans, and why those of the Pacific exceed 
those of the Atlantic ocean : hence also it is obvious why the tides 
iu the torrid zone between Africa and America, where the ocean is 
narrower, are exceeded by those of the temperate zones on either 
side : and hence we may compreliend why the tides are so small in 
islands at a great distance from the shores, since the water cannot 
rise on one shore without descending on the other ; so that at the 
intermediate islands it must continue at a mean befght between its 

cle^aticDs on tloie ffacris 
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The tid« produced on the westeni coast of Europe corresponds 
to tills theory. Thus> it is high water on the western coasts of 
Ireland, Spain, and Portugal, about the third hour after the mooo 
lias passed the meridian ; from thence it flows into the adjaceut 
channels, as it finds the easiest passage* One current, for ex.aniple, 
runs up hy the south of England, and another by the north of 
^Scotland ; taking considerable time to move all this way, and occa- 
sionuig high water sooner in the places at which it 6rst arrives, and 
begins to fall at these places while the current is proceeding to others 
further distant in its course. On its return it is uuable to raise a 
tide, because tlie water runs faster off than it returns, till, by the 
propogation of a new tide from the ocean, the current is stopt, 
and begins to rise again. The tide propagated by the moon m the 
German ocean, when she b three hours past the meridiaa, takes 
twelve hours to come from thence to London bridge ; so that, 
when it is high water there, a new tide 'has already attained its 
height in tlie ocean,' and in some intermediate place it most be low 
water at the same time. When tlie tide runs over shoaLs and 
flows upon flat shores, the water is elevated to a greater height 
than in open and deep oceans that have steep baoks^ because the 
force of its motion is not broken upon level shores till the water has 
attained a greater height. If a place communicates with two 
oceans, or by two flifierent openings \Vith the same ocean, one of 
which affords an easier and rcudier passage than llie other, two 
ticks may arive at this place in ditfercnt limes, which, interfering 
together, may |jroduce a great variety of phenomena. 

At several places it is high water three hours before the mooo 
comes to the meridian : but that tide which the moon drives, as it 
were, before her, is only the tide opposite to that produced by her 
when nine houis past the opposite meridian. 

It would he tedious to enumerate all the particular solutions 
easily deducibie from these doctrines: as, why lakes and seas, 
such as the CuNpian and the Mediterranean, the Euxine and the 
Baltic, have little or no sensible tides; since, having no commu- 
nication, or being connected by very narrow inlets with the great 
ocean, they cannot receive or discharge water sufiicient to alter 
their surface sensibly. In general, when the time of high water at 
any place is mentioned, it is to be understood on the days of new 
and full moon : the times of high water in any place fall at nearly 



fhe same houri afler a period of about fifteen days, or between out 
spring tide^ind another. 

This theory, however, is not without ohjections and difficulties; 
ftfiicb has encouraged a Frenchman of some eminence, St Pierre^ 
to frame a new and singular hypothesis, ascribing all the phamcr. 
ihena of the tides to th^periodical effusions of the polar ices. I 
shall first mention the most material facts and considerations which 
appear to militate against the common theory, as slated by St. 
l^rre ; and' I shall then endeavour to explain tlie theory he has 
substituted (which it has cost me some pains to collect, abstract, 
and arrange), as nearly as possible in a literal trauslation of bis owa 
hinguage. 

It IS said that, if the moon acted by her attraction, her influence 
must eii^tend to the Mediterranean, the Baltic, the Caspian, and 
the vast lakes of North America, in some degree at least ; but all 
these have no sensible tides \ This tranquillity retidtrs her attract 
tion \\tih\e to suspicion ; and we shall, perhaps, find that the 
greatest part of the tides in the ocean have nothing more than an 
apparent relation eitlier'to her influence or her course* 

The phases of the moon do not correspond all over the globe 
with the movements of the seas. On our coasts the ftux and refliMC 
follow the moon rather than her real moiioa: in various places 
they are subject to dif&rent laws, which obliged Newton to admit 
(chap. 25y) " that in the periodical return of the tides there must 
be some other mixed cause, hitherto undiscovered/ 

The currents and tides in the viciuity of the polar circle come 
from tbe pole, as appears from the testimony of Fred. Martens, 
who asserts, that the currents amidst the ices set in towards the 
south ; btit adds, that he can state nothing with certainty respect- 
ing the flux and reflux of the tides.— Fo^ag-e towards the North 
Pote, 1671. 

Henry Eilis observed that the tides in Hudson's bay came from 
the north, and were accelerated as the latitude increased. It is 
impossible these tides should come from the liue or the Atlantic. 
He ascribes them to a pretended commuuication with the South 

* The CaApiao tea is about 860 miles long, and^ in one place, 260 milcft 
broad : there are strung curreofs, but no tides, 
Tberc^is no ref^vilar flux and reflux in tbe Baltic, 
la some particular spots of tbe Mediteinmean there is a small tide. 
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Sea* At Waigat*s StnuU these north tides ran at the nte of e^ht 
or ten leagues an hour. He compares them to the sluice of a milL 
^^o^age tp Hudson* i B«y, 1746. 

LiiBcotteo^ in 1594» made nearly the same remarks* aod obsenres 
that in' Waigat's Straits the water was only brackish. He says the 
^ tides come from -the east with great feloGityf bringing with them 
' laige islands of iee* 

W. Barents (1595) confirms this account 

AU these efects can he produced by nothing else thao the efib 
sion of ices surroundmg the pole. These ices, which oseit and 
iow with]such rapidity in the northern parts of America aod Eniope 
about tbe month of July and August* greatly contribnte to oar 
high equinoctial tides ; and when these efiusions cease in Octoher, 
our tides begin to diminish. 

If the tides depend on the action of the son and moon on tbe 
equator* they ought to be much more considerable towards the 
ibcus of their movements than any where else. But this is contiaiy 
to fiiet, (Dampier says). From Cape EUanc, from the third to 
30^ south lat. tbe fiox and reflux of tbe sea does not exeeed two 
feet. The tides in the East Indies rise not above a foot ; near tbe 
poles they rise SO to 25 feet. 

In the road of the island Massafuero (33^ 46^ south lat SO^ 2^ 
west long.) the sea runs twelve hours north, and then flows back* 
twelve hours south : its tides* tlierefore, run towards the line.— 
Byron^ April 176-5. 

At English Creek, on the const of New Britain (5^ south lat. 
152^ west Ions;.) the tide lias a flux and reflux once in twenty four 
hours.-^Car/ere/* August 1 767, 

At the Bay of Isles* in New Zeland (35"^ south lat.), the tides 
set in from tbe south.— Coo^-, Dec, 1 769. 

At Endeavour river, in New Holland, neither the flood or ebb 
tides were considerable, excepting once in twenty.four hours.— 

JunCj 1770. 

At Christmas Harbour, in Kerguelen's Land, the floo<l came 
from the south-east, running two knots an hour. — Cooky Dec, 
1766. It appears to have been regular and diurnal^ t. c, a tide 
of twelve hours. The tide rises and fulls about four feet. 

At Otahcitc the tides seldom rise more than twelve or fourteen 
hches 3 and it is high water nearly at noooj as well at the quur- 
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ters as at the fiill and changt df the idoob *. It is evident, 
from a table ef these tides for twenty •six days, that there was 
but one tide a day ; and thi9» during the whole time, was at its 
mean height between eleven and one. These tides, therefure^ can 
have no relation to the phases of the moon. 

Let us now take a cursory view of the eifeets prodoeed by the ~ » 
tides in the northern part of the South Sea^ At the entrance of 
Nootka it is high water, on the days of new and Aiti moooj at 
twenty minutes past twelve : the perpendicular rise tad fail eight 
feet nine inches ; which is to l>e understood of the day tides, and 
those which happen two or three days after the full and chaagc. 
The night tides rise nearly two ^t higher f. These semidinrnal 
tides diftr from oun in taking place at the same hour, and exhibii; 
ing no sensible rise till the second or third day after the full nooii^ 
all which is perfectly inexplicable on the lunar hopothesis. 

These northern tides of the South Sea, remarked in Apriij lie^ 
come, in higher latitudes, stronger in May, and still stronger in 
June; which cannot be referred to the moon's course then passing 
into the southern hemisphere, but must be ascribed to the sun's 
course passing in^o the northern hemisphere, and proceeding, as iai 
heat increases, to fuse the ices of the north pole : l>esides, the di. 
rection of these northern tides towards the line constitutes a eon»- 
plete confirmation that they derive their origin from the pole. 

At the entrance of Cook's River there was a strong tide setting 
out of the inlet at the rate of three or four knots an hour *. higliet 
up in the inlet, at a place four leagues broad, the tide ran with pro- 
digious violence at the rate of five knots an hour. Here the marks 
of a river dbplayed themselves, the water proving considerably 
fresher t. 

What Cook calls a river, is nothing but a real northern sliiiee, 
through which the polar efilusions are discharged into the ocean. 
Middleton$ found between iat. 65^ and 66^, a considerable Met 
running west, which he calls Wager*s River ; and, after repeated 
trials of the tides for three weeks, found the flood constantly coming 
from the east. This is another of the northern slucies. 
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In Karahakooa Bay, Sandwicli Itlaods* the tidci are very regu- 
UlTp ebbing and flowing six hours each alternately *. 

At the town of St. Peter and Paul^ in Kamscbatka, the tides are 
fery regnbir erery twelve hours t* 

Mr. Wales acknowledges that the tides observed io tbc middk 
of the great Pacific ocean laii short full two*thirds of wbat might 
have been expected from calculation {• 

The course of the tides towards the equator in the Soath Sea; 
theur retardations and accelerations on these shores; their diicc- 
tioBf* sometimes eastward^ sometimes westward, accordisfg to- the 
Bonsoons; finallyt their elevation^ which increasea in pioportioa 
as we approach the poles, and diminishes in proportioa to the dii* 
taaces from it, even between the tropics, demonstrate that their 
Ibctts is not under the line. The cause oftheirmotioas depends not 
€» the attraction or pressure of the sun and moon oa that part of 
the ocean, for their forces would undoubtedly act there with the 
greatest energy, and in periods as regular as the course of the two 
luminaries. 

Why, then, are the tides between the tropics so feeble and so 
much retarded under the direct influence of the moonl 

Why does the moon, by her attraction, give os two tides every 
twenty*four hours in this Atlantic ocean, and produce only one ia 
many parts of (he South sea, wliich is incomparably bitMider J 

Why do the tides take place there constantly al the same hours^ 
and rise to a regular height almost all the year round 1 

Why do some rise at the quarters just the same as at the full and 
change 1 

Why are they always stronger as you approach the pole^, aud 
frequently set in toward the line, coutrary to the principle of luniir 
impulsion t 

These problems which it is impossible to explain by the \\xnu 
theory, admit an easy solution on the hypothesis of the alternate 
fusion of the polar ices. 

Such are the most material objections adduced to invalidate tbe 
lunar theory. How far they are conclusive, shall be left to future 
investigation. 

But St. Pierre is not content with demolishing tbe old structore ; 



• Gierke, March 1779. + Gierke, Oct. 1779.' 

t loCroducUon to Cook*i lait Voyage. 
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he bts judged praper to erect a new one; end m bk exporitioii of 
this syttein will enable us to determine, by oomparitoo^ to whkb 
ipe-fbaii gnre oor Miffiage. 

It b well known that Sir Isaac Newton and CassinI dillered in 
their opinioo respecting the figure of the earth : the fernier con. 
ceifing it to be an oblate spheroid, flattened at the poles ; the kttet 
contending it must be oblong, or elongated at the poles. To ascer* 
tain this point, some of the most celebrated mathensaticiatts of 
Europe were appointed to determine, by actual measurement^ the 
length of a de^iree both at the equator and at the pole. They 
found that the polar d^rees exceeded tlie equatorial, and con- 
cluded they must consequently be parts of a larger circle^ and, of 
course, that the earth was flattened at the poles. This was uaiver* 
sally considered as decisive of the question, till the genius of M. 
St. Pierre detected a gross and palpable error in the cakuiatioB, 
which had escaped their accurate knowledge and penetration : but^ 
as the elongatkm of the poles coostitotes a leading feature in the 
new theory, I shall give it a more detailed examhiation. 

This polar eloiigatioo, as he conceives, is supported by feuF 
direct and positive proofs s^lhe first geometrical, upon which he 
lays the greatest stress, and upon which he has staked his reputa- 
tion;, the second, atmospherical; the third, nautical; thefi>urtt^ 
astronomical : of all which in order. 

The first, or geometrical proof, is what he calls a demonstration 
founded on tlie measurement of the earth, and admitting the pdar 
degrees to exceed the equatorial : here follows the demoostration : 
If you place a degree of the meridian at the polar circle on a de« 
gre^ of the same meridian at the eqiuitor, the first degree, which 
measures 57,422 fathoms, will exceed the second, which » 56,T49 
^thorns, by 6J4; consequently, if you apply the arc of the meii* 
dian contained within the pohtr circle, being 4J^, to an arc of 47* 
of the same meridian at the equator, it would produce a consider* 
able protuberance, its degrees being greater. 

To render this more apparent, let us always suppose that the 
profile of the earth, at the poles, is an arc of a circle containing 47^; 
is it not evident, if you trace a curve on the inside of this arc, as 
the academicians do when they flatten the earth at the poles, that 
it most be smaller than the arc within which it is described, being 
contained in it ? And the more this curve is flattened the smaller 
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it becMMi. Of cooBeqaence, the 47^ of thb entm cvrfewilf be 
luiividMlly snaller thao the 47^ of the conteiniog arc. But » 
the degrees of the polar curre exceed those of the arc of a dfclc, 
kinuat fi>ik>w that Hie whole conre it of greater estent tiNui the 
arc of a circle: now to be of greater eatent k moit be more pre- 
tuberant: the polar cunre, of cooaei|iieDce,. farma « Irngthrafii 
ellipM. Q.£.D. 

It must be acknowledged that this demoMtration ia verj pcnfa. 
euous and coovuieing. How the most celebrated afdrmhiMM aail 
matbematidan^ for nearly half a century^ qoiild have overlooked a 
pnpotitwn ao plain and tfiniple» can only be ascribed^ io the opiMi 
ef St. Pieriej to then: obstinate and inveterate prejudioei. He 
pursuei his victory m a straui of vain and iodireent eaollatioB, which 
would dishonour a more respectable casse; bot^» perhaps a little 
attention will induce us to doubt at leart whethor the ebarge of 
gross ignorance may not, with justice^ be retoited on tbck aoeiis«» 

It would have been indeed eitraordinaryt if men of sdanoe had 
been absurd enough to imagine that a laiger arc might be uMbded 
n a less ; but Ihey might suppose, withi propriety and joslicc^ that 
the smaller arc of a larger circle can be included in the laiger aie 
of a smaller circle, which, in the present instance, i^PP^n to be tiM 
ease. In measuring a degree on the meridian, a certain ^pot is 
ixed upon, where the elevation of the polar star is taken by a 
quadrant; from this spot they proceed io a direct line north, till 
the quadrant indicates an additional elevation of one degree. Io 
proportion as this degree constitutes a |>art of a larger or smaiier 
circle, a greater or less portion of ground will be passed over be. 
lore the desired elevation is observed ; and the measurement of this 
ground unequivocally decides whether this degree is part of a larger 
er smaller circle. In this case the measurement is admitted, but 
the conclusion denied. St. Pierre seems to have supposed, that the 
academicians divided the polar arc into 47 parts, and then measured 
one of these parts : a thing impracticable and ridiculous. The fact 
is, that the polar arc» which, if the earth were a perfect sphere, 
would contain 47% does not actually contain so many, but perhaps 
about 46** of a larger circle ; and if tlie polar degrees are parb of 
a larger circle, as they certainly are, it is demonstrably evident Ihst 
the real arc must be contained within the spherical arc and> con- 
sequently, that the earth is flattened at^the poles. 

I now proceed to state the three remaining proofs adduced by 



St. tkn^ in torrobonijfciMi of the^emoMlratkui I ]iiv« jml^Micedi 
but, as I conceive myself to have foliy dispiove^ the -geoHMtricii 
^^rkfieace, I siiall not trontile yoa wMi an alteiii|it lo iavaiMate lli^se 
Mbsktiarjf confirmatioiM. 

The second {U'oof <says he) is atmospherical. It is well kmrnv 
(baTi in proportion as you ascend a mountain, the ^ an e nry ia the 
barometer subsides: now the .mercory sinks in the baronetcff kt 
proportion as you advance northward. The weight of one line of 
flMreury at tHiris is equtvalent to an elevation of 1^ fathom and S 
feet, whereas in Sweden it is equivalent to 10 fatbottt 1 foot 6iadlti 
#nly ; otfd «f eoutse the ground of Sweden most be hfiglier. Ffom 
« seriea of observations made by Captain Cook an the soolheni 
hemisphere in 1773 to 1775, we pereeiire the Mercury scafec^ly «v6t 
vises Jl%her than 29 inciies beyond the dDth dtgtte of sontb ktk. 
code, and mounted almost always to 30 inches and even higher U 
<he vicinity of the torrid zone 5 which proves that the hmtomeM 
Mis as y6u recede from the line, and that l>oth poles ate elongated. 

The third proof it nautical, arisilig from the annual descent df 
4he ices toward the line, impelled by currents proceeding aitefi 
rnitely from each pole during their respective summers, knmemo 
mountains df ice being frequently seen by navigators in low Isrti* 
lodes. 

The fourth proof is aalronomtcal. ChiMrey {m EngHsh nh\h&f of 
note) ^upfmses, says M. St. Pterrf, that Iheeartb at tlie poles is e^^ret 
with ice tb such a height as to render its fig.ui« sensibly oiraL Ke^ 
ler says that the eclipse of the moon on the 86tb SeptenAte^ 1634; 
like the one observed by Tycho Brah^ hi 168B, wkefif #a9 totaH 
and very nearly central, differed widely fVont the cakohitibn : f&t^ 
not only the duratiou of total darkness was ettreMiel^ short/ fcat 
the rest of the duration, previous and posterior to the loHfl obseoMif^ 
tion, was still shorter^ as if the figure of the eatffb wa^ eili|^tledt 
having the smallest diameter uodef thie eqmiK>r, nhd iht ^toatar 
fiom pole to pole. 

Navigators in the north have always seen the efeVfltio#of fbe fon 
above the horizon greater the nearer they app^oMh iM poiei* It 
is impossible to ascribe these optical effects to a t m^ ^ip li ericat refiM* 
tion. 

Barents, on the 24th of January, in* Nova ZeffMa, saw ffie smi 
15 days sooner than he expected, which would give a refraction of 
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ff^; ft tfajog impMsible/ ind the drcumitaoce tma be aieribed t» 
wo other cauae than his reel elevation. 

St Pierre cuts the difficulty arising fimn the difiereot vibiatMns 
of the pendulum, by observmg that they are liabk to ft tbouiaad 
enois* 

The elongalion of the poles being thus demonstrated, the 
of the seas and tides follows as a natural and necessaiy 
4ttence. 

Let us now consider the extent of the polar ices» and A^ powm 
capable of efiecting their solution. 

The polar ices in the winter proper to each hemisphere are fnm 
Hx to seven thousand leagues in circumference ; but in thcv snau 
mer, from two to three thousand. 

The ices and snows form in our hemisphere, in Jaiiftary; a ciqiolai 
the arch of which extends more than two thousand Ici^gaes over llie 
two continents, with a thickness of some lines in JSpam, some mdbn 
in France, several feet in Germany, many fathoms in Rasna, and 
beyond the 60^ of north latitude of some hundred feet. Scsne 
ke islands were seen by Ellis from fifteen to eighteen hundred feet 
above the level of the sea, and' they probably go on increaiiftg lo 
the pole to a height indeterminable. Hence the eoormoos aggii^ 
gation of water, fixed by the cold of winter in onr hemispbefc^ 
above the level of the ocean, is clearly perceptible j and to tbt 
periodical fusion of these vast masses the general movement of the 
seas and tides is justly ascribable. Tiie ices at the south pole 
exceed in quantity those at the north ; and two such bodies of 
ices, alternately accumulated and dissolved, at the two poles^ must 
occasion a very perceptible augmentation of its waten at their 
return to it by the action of the sun, and a great dimioution by 
their reduction to ice when the sun retires. It has been calculated 
that the earth and sea covered with ice, may be equalled to l.lOth 
of the whole ocean, and the height of the polar ices is at least 600 
feet; a mass which in melting must add 1-lOth, that is CO feet, to 
the level of the oceao. 

Nature has distributed sandy zones to assbt, at the proper sea- 
son, in accelerating the fusion of the polar ices. The winds ia 
summer convey the igneous particles with which these zones are 
filled towards the poles, where they assist the sun*s action on the 
kes» 
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The moon also dissolves ice by Uie httinidity of the atmosphere. 
Wlien the moon shiiies in winter nights in all her lustre it freesei 
very sharply, because the north wind checks the evaporating influ* 
ence of the moon : but if the wind is stilled ever so little, you see 
llie heiivens covered with vapours which exhale from the earth, and 
>ou find the atmosphere softened. 

Nature having deterinine^ to indemnify the poles for the sun*s ab- 
sence, makes the moon pass toward the pole, which ihe sun abandons: 
she crystallises, and reduces into brilliant snows, the waters which 
cover it : she renders its atmosphere more refractive, that the sun's 
presence may be detained longer in it, and restored sooner to it : 
aud hence also there is reason to conclude she has drawn out the 
poles of the earth in order to bestow on them a longer participation 
of the sun*s influence. We may judge from analogy the general 
C'fllect of the tides : a source discharging itself into a bason pro« 
duces at Ihe sides of that bason a backward motion or counter ciipr* 
renty which carries straws and other floating substances up towards 
the source, 

Charlevoix (Hist, of New France) tells as tliatj though the wind 
was contrary, he sailed at the rate of eight leagues a day up the lake 
Michigan, against its general current, by the assistance of its lateral 
counter.curreuts 

M. de Crevcoeur assures us, that in sailing up the Ohio, along its 
bauks he made 422 miles m fourteen days, or ten leagues a day^ by 
means of the counter-currents, which have always a velocity pro* 
portional to that of the principal current. 

The particular effects observed in lakes and rivers communicatiiig 
with icy mountains, illustrate the nature of the polar effusions. A 
kind of flux and reflux in the lake of Geneva, during summer and 
towards the evening, is obser^'able, occasioned by the melting of the 
^nows, which fall into it after noon in greater quantities tlian at other 
seasons of the day* The intermittence of certain fountains if 
ascribable to the satne cause. The frequent and rapid fluxes (ten 
or twelve times a day) of the Euripus, the strait separating Bcsotia 
from Euboa, arise from the same source. 

The currents of the ocean are reducible to two general ones : one, 
during our summer, from the north pole> m a sooth direction; tho 
other, during Q^ur winter, proceeding northward from tha south 
pole. 
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JHmpkr lays it dowo m a priiiciple, founded oq maaj eKpcri- 
ments, that curreatt are scarcely ever fell but oul at sea, and tides 
upon the coasts. 

The polar effusions, wbicb are tbe tides of the north and east to 
those who dwell in the vicinity of the pole, or in bays coniniuni- 
cating with it, take their general course to the middle of the channel 
of the Atlantic ocean, attracted toward the line by the diminution 
of the waters, which the sun is incessantly evaporating. They pro- 
duce by th«r general current two contrary currents or collateral 
whirlpools similar to those produced by rivers on their banks, and 
the tides -may be considered as vortices of the general current of 
the Atlantic ocean. 

The general current, which flows from our pole in summer with 
so much rapidity, and which is so violent towards its source, crosses 
the equinoctial Ime, its flux not being stemmed by the effusions of 
the south pole,* at that season consolidated into ice ; it extends be- 
yond the Cape of Good Hope, and being directed east, by the posi« 
tipn of Africa and Asia, forces the Indian ocean into the same ' 
direction, and* may be considered as the prime mover of the western 
monsoon, which takes place in the Indian seas in April, and ends ia 
September. 

The general current, issuing during our winter from the soath 
pole, restores the Indian ocean to its natural motion west ; crosses, 
in its turn, the equinoctial line, penetrates into our Atlantic ocean, 
directs its motion north by the position of America, and produces 
various changes in our tides. All the ba^/s, creeks, and mediterra* 
neaos of southern Asia, such as the gulphs of Siam and Bengal, the 
Persian gulpb, the Red sea, &c. are directed relatively to these 
currents north and south so as not to be stemmed by them j as all 
the ba)s and mediterraneans of Europe, as the Baltic, the £nglish 
channel, the bay of Biscay, the Mediterranean sea, Baffin's bay, • 
Hudson's bay, the gulpli of Mexico, and many others, are directed 
relatively to these currents east and west; or, to speak with more 
precision, the axes of all the openings of the land in the old and 
new world are perpendicular to the axes of these general currents^ 
so that tlieir mouth only is crossed by them, and their depth is 
not exposed to the impulsions of the general movements .x>f the 
ocean. 

That these currents are not the offspring of my own imagination. 
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but actutllj such as I htvc de«cribed thein« will appear firom rarioua 
testimonies. Froger says that in Brazil the corrents follow the sun, 
ruDning tfoutbward when he b south, and northward when he hr 
north. In the summer of the southern heroispheie, tlie tides set iir 
northward (Schouten, Jan. \66\), but in winter run southward 
and come from the north (Fraser, May 17t2)< C. Columbus set 
sail from the Canaries the beginning of September, and steered t<^ 
the west ; he found, during the first da>s of his voyage, that the 
currents carried him to the north-east ; when he had advanced S20O 
or 300 leagues from land« he perceived their direction was fwuth^ 
ward : finally, as he approached the Lucayo islands, he again found 
the current setting in north. 

The nautical observations of Cook demonstrate that the currents 
of the Atlantic ocean are alternate and half-yearly like those of tha 
Indian ocean. The beans called Oxeyes, which grow only io tha 
West Indies, are every year thrown up on the coast of Ireland, 
1 200 leagues distant. Steeds and turtles are brought to the He. 
brides from the West Indies and America ; and thie mast of the 
Tilbury man of war, burnt at Jamaica, was found on these coasts : 
the cuiYent which wafts these along proceeds in a north direction, 
and proves that the Atlantic current comes from the south, and sets 
in north during our winter* The currents of the north annually 
convey, in summer, toward tlie south, long banks of floating ices of 
very considerable depth and elevation, which run agroundP as far 
south as the banks of Newfoundland. 

Rennefort (June 20, 1666), near the Azores (in lat. 40^ to 45^i 
saw the broken masts, sailyards^ &c. wrecked in the engagement 
which lasted four days between the English and Dutch, from JthM 
11 to 15 : this naval combat took place 19 miks to the north-west 
of Ostend, about 5\^ north. The currents from the north hid 
therefore wafted them in nme days 11^ south, besides a coDfktctw 
able progress westward. • ' 

The general current issuing from the sooth pole divides into two 
branches ; one, setting in towards the Atlantic ocean, |)enetratta 
even to its northern extremity. This part, straitened by the .pro« 
niinent parts of Africa and America, forms on the coast two counter 
currents, which proceed in opposite directions. One of these em^ 
rents runs east, along the coast. of Guinea, to the fourth degree of 
south hititude ; tlie other takes its departure firom Cape St. Aog«s» 
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tin, procMdiDf soudi-wcst, along BnnI, to Maim"* Straiti. lo Che 
auddk of the Atiantk ocean, bespood the ttiait formed by the two 
contMenti, this general branch pushes on north, and advances to the 
Mfth eatremities of Europe and America, bringug ua twice every 
day along our coasts the tides of the south, which are the half dailj 
efiiisioas of the two sides of the south pole. The other btanch takes 
a direction south of Cape Horoi rushes into the South SeUj pro. 
duces the monsoon in the Indian oceaii, andj having made the tour 
of the globe, unites itself by the Cape of Good Hope to the general 
cnmnt which enters the Atlantic ocean. 

In our summer, commencing toward the end of Mardi, when the 
ami retires from the southern hemis))hi re, and proceecb to warm the 
north, the efiusioiis of the south pole are stayed, those of our pole 
begin to flow, and the currents of the ocean change throughout 
every latitode. The general current of our seas divides also into 
two branches ; tlie first deriving •its source from Waigats, Hudson's 
Bay, &c. flows with the rapidity of a sluice, descends through the 
Atlantic ocean, crosses the line, and, finding itself confined at the 
same strait of Guinea and Brasil, forms two lateral counter currents 
setting in north : these counter currents produce^ on the coasts of 
Europe, the tides which appear to come from the south. The 
general current advances south, arrives about the month of A|iiril at 
the Cape of Good Hope, and renders the passage round this cape 
so diffieult to vessels returning from India at this season ; about the 
middle of May it reaches the coasts of India, produces the vfeal 
monsoon, and, having encompassed the globe^ proceeds to Cape 
Horn, re-ascends the coasts of BrasiJ, and creates a current termi- 
nating at Cape St. Augustin. 

The other general branchy which receives much less of the icy 
efiiisions^ issues between the continents of Asia and America, and 
descends to the South sea, where it b re- united to the first branch. 
The ocean accordingly flows twice a year round the globe in oppo- 
site spiral directions, taking its departure alternately from each pole, 
and describes on the earth the same course which the sun does in 
the heavens. 

The course of our tides towards the north in winter is not an 
eflfect of the lateral counter currents of the Atlantic ocean, iNit of 
the general current of the south pole, which runs north. In this 
diiection almost throughout it passes from a vrider space into a nar* 
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MMicr, tnd cnmt before tl it ooct tlM wholt mm of ihc wi^cn of 
Ike Atlaotic oecoe, witboot peranttisg a nagie coliuna to wa^io 
•itiier to the right or left. However, if it meet a cape or strait to 
oppoie its eoursoj it would form there a lateral carrenf, as at 
Cape St AugQSlin, and id Africa about 10^ N. hit.; for in the sum- 
mer of the south pole the currents and tides returo south ou the 
American, and east on the African side, the whole length of the 
gulph of Guinea, in contradiction to all the hiws of the lunar 
ojstem* 

From these pohtf effusions the principal phnuMnena of the tides 
may be exphiined. It will be evident, for example, why those of 
the evenmg should be stronger in summer than those of the mom* 
ing; because the sun acts more powerfully .by day than by night ott 
tJie ices of the pole on the same meridian as ourKlves : and also 
why our morning tides in winter rise higher than those of the even. 
ing, and why the order of our tides changes every six months; be« 
cause, the sun being alternately towards botb poles, the eftct of the 
tides must be oppoute, \jk» the causes which produce them. At 
the solstices the tides are lower than at any other season of tbe year* 
and those likewise are the seasons when there is most ice on the 
two poles, and consequently least water in the sea t the reasoa 
is obvious, the winter solstice is with us (he season of the greatest 
cold ; of course there is the greatest possible accomulatjon of ice oa 
our pole and hemisphere. At the south pole it is indeed the miii» 
roer solstice ; but little ice is then melted, because the action of the 
greatest heat b not felt there as with us, till the earth hasan aoquiiod 
beat superadded to the sun's action, which takes place sia weeks 
following the summer solstice* 

At the equinoxes, on tbe contrary, we have the highest tides; and 
these are precisely the seasons when there is least ice at the two 
poles» and of course the greatest quantity of water in the ocean. 
At .our autumnal equiuox in September, the greatest part of the 
ices of the north pole is melted, and those of the sooth pole begin to 
dissolve. The tides m March rise higher than those in September, 
because it is the end of summer to the south poles which fontains 
much more ice than ours,' and consequently sends a greater mass c€ 
water to the ocean. 

I shall say nothing (be proceeds) of the intermittence of the pohr 
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«ff\i8ioii9, which prodnce on our coast two fluxes and two refluxes 
Oearly in the same time that the son, making tlie drcvrt of the globe* 
alternatelj heats two continents and two oceans, that la, in the space 
of twcnty^fbnr hours, during which his influence twice acts and is twice 
smpf nded ; nor shall I speak of the retardation, which is nearly three 
quarters of an hour every day, and which seems regolated by the 
different diameters of the polar cupola of ice, whose extremities, 
rnelted by the sun, diminish and retire from us every day, and 
whose efliisious must consequently require more time to reach the 
Kne, and to return from the line to us. Nor shall I dwell on the 
other relations these }H>!ar periods have to the phases of the moon, 
especially when she is at full ; for her rays possess an evaporating 
heat, as the late experiments at Rome and Paris fully demonstrate ; 
much less shall I involve myself in a discussion of the tides of the 
south pole, which in summer in the open sea come in vast surges 
from the south and the south west. There are two tides every day ; 
because the sun warms by turns, every tweuty«fonr hours, the east 
and west side of the pole in fusion. Precisely the same eflect takes 
place in lakes situated in the vicmity of icy mountains, which have 
a flux and reflux in the day-time only. But it cannot be doobted 
that, if the sun warmed, during the night, the other side of these 
moontainsi they would produce another flux and reflux ; and con- 
sequently two tides in twenty hours, like the ocean. ^ 

We are not to imagine that every tide is a polar effusion of the 
particular day on which it happens, but an eflect of the series of 
polar eflusions ; so that the tide f^hich takes place on our coasts 
to.day, is perhaps part of that which took place six weeks ago. 
But here, too, must we admire the hannony of nature : the even, 
mg and morning tides fake place on' our coasts as if they issued that 
very day from the higher and lower part of our heniispliere ; and 
the tides of summer are precisely opposite to the tides of winter, as 
are the tides from whence they flow ; our evening tides in summer, 
and our morning tides in winter, being greatest. 

Tf the tides are stronger afVer the full moon, it is because that 
luminary increases by her heat the polar efliusions, and consequently 
the quantity of water in the ocean. 

Let us now, continues M. St. Pierre, explain why the tides of the 
South sea do not resemble those of the Atlantic ocean. The irregular 



eClMm of the poles, mH being oarro«ped in the tOBtkeni lieniiplMVi^ 
ai mesrt, praAtpe oo the shorat of tbe Indiaa ocean and SooHi te* 
eipmiiioBS figae mm! kileniiilting. The sooth pole has not, like Ibv 
north pole, a double contioent, which separates faito two the dirergcnt^ 
etkmam daily produced by the sun : it has no channel in paashig. 
thtoaghwhich iu effluxes should be retarded : its eflfusioosaceordingly 
flow directly mto the irast soutfaeni ocean, forming on the half of that 
pole a series of divergent emanations which perform the tour of iM 
m 24 hours, like tbe rays of the son. When a bundle of these eAi* 
sions falls upon an island, it produces there a tide of twelve hours, 
t. e. of Ihe same dotation with that which the snn employs in heating^ 
the icy cupola through which the meridian of that island passes^ 
sach are the tides of the inlands of Otaheite, Massafuero, New 
Holiand, New Britain, See* : each of these tides lasts as long at 
the course of the sun above the horizon, and is fegohur like Us» 
course. 

In the northern part of the Sooth sea the two continents ap- 
proach : they pour therefbre by turns, in summer, into the chaunel 
which separates them, the two semi-diurnal efiusioiis of their pole^ 
and tliere they collect by turns, in winter, those of the south pole/ 
which produces two tUes a day as in the Atlantic ocean* Bat a# 
this channel about the 55* of N. lat. ceases to exist by the sud^ 
divergence of the continents of Asia and America, those pku:e| 
only situated in the point of divergence of the northern part» of 
these two continents experieuce two tides a day. Such are the 
Sandwich Islands^ Where such places are more exposed ta th^ 
current of the one continent than the other» its two semi-diurnal 
tides are unequal, as at the entrance of Nootka Sound : but wbea 
it is completely out of the influence of tbe one, and entirely undfg 
that of the other, it, receives only one tide of twelve hours evary 
day, as at Kamschatka. Thus, two harbours may be situated in 
the same sea under the same parallel, and one of them have two 
tides, and the duration of these tides, whether double or singlcy 
double equal or double unequal, regular or retarded, b always 4^ 
hours every 24 hours, t. e. precisely the time the sun employs in 
heating that half of the. polar cupola from whence they flow ; wlucb 
cannot possibly be referred to the unequal course of the sun htm 
tween the tropicsi and much less to that of tbe moon, which js 
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ImpMDtly Imt a few hoan rixnre the horiioD of fodi hmhrnn: 
AUfalmdsareioUieaiidttof curre^lt: on Jookkig tiwrcfewttiie 
HMHh pole with a bird's eye vieWy we iIkmM Mf « ■ncceaioa of 
■wh i pel igot diipened io a ipirai line all the waj to the a of th cw 
htmifbitrt, which indicates the current of the sea, Joat as the pio- 
jeetiOB of the two continents on the side ct the north pole hmB. 
catea the conent of the Atlantic. Thus, the cowie of the scat 
fiRMB one pole to the other is in a spiral line round the -globe, tte 
the course of the sun from one tropic to. the other: admittiiy 
therefore the alternate fusion of the polar iee^ ail the phasnonscna 
of the tides and currents of the ocean nugr be dq^aiaed with the 
pcatest fedlit J* 

I haire then established by facts simple^ dear, and nnoieroos^ the 
disagreement of the tides in most seas with the nMKNi*a action on the 
equator, and thdr perfect coincidence with the sun*a aetioQ on tho 
polar ices. 

I have no doubt various objections may be lurgad aguMt this 
hasty eiphmation of the course of the tides, &c But these phy 
akal.canses present themselves with a higher di^gree of probabiliiy» 
simplicity, and confonnity to the general progiem of oatnie^ thui 
the astroQomical causes by which it is attempted to explain them. 

Thus far St. Pierre, who complaios that tiie prejudices of man* 
lind are so strong in favour of received opinions^ that he cannot 
obtain a hearing. 

To the be^t of my judgtnent I have offered a fair and candkf 
exposition of a hypothesis which he has dressed up with some elo* 
quence and much declamation, and ushered into the world with a 
splemn and imposing air of confidence and assurance, tolerably well 
calculated Io confound the ignorance and candour of his readers. 
I am not conscious of having omitted any material fact or argument 
which tends to the support and elucidation of his theory ; I have 
neglected much absurd reasoning, yet not without retaining some 
curious specimens. I did once intend to have entered into a general 
examination of his principles and reasoning ; to have shown the fal« 
lacy of the former, the inconclusiveness and inconsistency of the 
latter; but I shall now be satisfied with oflfering a few fkcts and 
9bscrvatioos extracted from the second and third vo^'age of C^p* 
tajn Cook, which appear to me decisive of the question. 



Ctfitaki Cookj w1m> ipciit three anmniert as Mtr at the ioeimM 
permit his approach towards the sooth pole» found oo Deceaihcr 
14, 1779» aad from that date to the begiooiog of January 1773» 
hi htitiide from 55** to 64* sooth, a nMt coospact body of ke which 
pretentcd his farther progress. The thennometer iraried from 9GP 
to d5*. Bebg immersed 1 00 fathom deep for ahoot tO m i m itei^ 
k came op 34* ; aod oo the iSth of Jaaoarjr lt74» on a repetition 
of thb eiperimeot, the qien air beiog S6% the suriace of the sea 
8d|% die thermometer came up 33*. They ibond water generally 
fceese at 33''* ** We certainly had no thaw, (says he») the meiw 
cory keepmg usually below the f reemg point* Being near an island 
of ice (December 24, 1772) 50 feet high and 400 fruhom in drenil; 
I sent the master in the jolly boat to see if any water ran from it.' 
He soon returned with an acconnt there was not one drop, or any 
other appearances of thaw.'* And in the summer of 1774—7^ 
his experience was nearly similar. On the 13th of February 1775» 
the thermometer stood at 2<r* In his third voyage to the north- 
west coast of America, on the 17th of August 1778, in kt« 
70* 44^ they were stopped by a field of ice 10 or 12 fret high, as 
compact as a wall ; ** further north it appeared much higher ; heve 
and there we saw upon it pools of water; we tried hot found no 
current. July 7, l779t la^* ^"'S st(H>ped by a large field of ice. 
presenting a great extent of solid and compact suHace not m the 
smallest degree thawed : the thermometer stood at 31*.'* 

** As far as our experience went, the sea is clearer of ice in Au- 
gust than in July, and perhaps it may be still freer in a part cif 
September. We tried the currents, and found them nerer to ex« 
ceed a mile an hour ; we found the month of July infinitely colder 
than August ; the thermometer in July was once 28*, and ?ery 
commonly 30 ; whereas it was seldom as low as the frceaing point 
In August.*' 

<< I am of opinion '(says Captain Cook) that the sun contribotes 
▼ery little towards reducing these vast masses of ice ; for, although 
that luminary b a considerable time above the horiion, it seldom 
shines out more than a few hours at a time, aod often is uot seen 
for several da>s in succession. It is the wind, or rather Uie waves 
faised by the wind, th;it reduces the bulk of ihese enormous massei^ 
by grinding one piece against another, aod by undermining and 
iKasliing away those parts that lie exposed tp the surge ; and more 
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ke may ht destroyed in one ttoraiy season than is fimned in se?eral 
winters* and its accumulation thus |>revented.'' 

This evidence clearly proves that the sun's influence at the poles, 
80 iar from being equal to produce a constant and uniform effect, 
creating an impulse eitendiag its effect to the remotest parts of our 
globe» and a daily elevation of several feet to the waters of the 
ocean* is not sufficient in the hottest period of summer to diffuse 
a sensible thaw; and thus we are convinced that a few plain and 
simple facts are of much greater avail than a «Aultitude of ianciAii 
coiyectures. 

IPhil. Mag. FoLVllL^ 

SECTION VII. 

Currents^ Gulph^itreams^ and Temperature of ike Sea. 

Besides the common and periodical tides described and ex- 
planted in the preceding section, a variety of local currents are 
lipequently met with in different seas, on different parts of the ocean* 
for the most part not far from land. These are usually and per- 
haps correctly ascribed to particular winds, but they do not always 
appear to issue from thn cause, nor is it easy to ascertain their 
origin ; occasionally indeed they have been traced below the surface 
of the water, running in a contrary direction to the stratum of 
water above, and in such cases undoubtedly the result of something 
very different from winds or monsoons. This last has oAen been 
ascribed, and at times, perhaps, correctly, to the immense masses of 
polar ice, producing a greater degree of cold in the under than in 
the upper water : whence Count Rumford suspects there is an under 
current of cold water flowing perpetually from the poles towards 
the equator, even nherc the superior water flows from the equator 
towards the poles; und he tlius endeavours to account for the great 
inferiority of temperature whicli is frequently found in deep and 
superficial so;iudii)g9 of the same space of water. 

The following ingenious article inserted in the Philosophical 
Transactions for l684, by Dr. Smith, furnishes us with various in- 
stances of uiider-currents, and at the same time accounts for them 
upon a diflferent principle. 

«' In the Oftiiig, between the North and South Foreland, it runs 
tide and half tide, that is^ it is either ebbing water or flood on the 
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thore, 10 that part of the Downs three hoars, which is> grossly 
speaking, the time of half a tidc^ before it is so ofF at sea. The 
reason of this diversity of tides I take to be from the meeting of 
the two seas in that narrow strait. Often when the wind has blown 
hard at N. £. or at W. or W. and by S. there has happened an alter- 
ation of the tides in the Thames, which ignorant people have mis. 
takingly reckoned a prodigy. And, it is a most certain observation^ 
that where it flows tide and half tide, though the tide of flood runs 
aloft, yet the tide of ebb rons under foot, that is, close by the 
ground ; and so at the tide of ebb| it will flow under foot. 

" Now, as to the Straits^ there is a vast draught of water poured 
continually out of the Atlantic into the Mediterranean ; the month 
or entrance of which between Cape Spartel or Sprat, as the seamen 
call it, and Cape Trafiilgar, may be near seven leagues wide, the 
current setting strong into it, and not losing its force till it runs ai 
far as Malaga, which is about .20 leagues withm the Straits. By tbe 
benefit of this current, though the wind be contrary, if it does not 
overblow, sliips easily turn into the Out, as they term tbe narrow 
passage,' which is about 20 miles in length. At the end of which 
are two towns, Oibraltar on the coast of Spain, which gives deno* 
niination to the strait^ and Ceuta on the Barbary coast ; at which 
places Hercules is supposed to have set up his pillars. What be* 
comes of this great quantity of water poured in thb way, and of 
that which runs from the Euxine into the Bosphorus and Propontis, . 
and carried at last through the Hellespont into the JEgean or Archi- 
pelago, is a curious speculation, and has exercised the ingenuity of 
philosophers and navigators. For there is no sensible rising of tbe 
water all along the Barbary coast, even down to Alexandria, the 
land beyond Tripoli, and that of Egypt lying very low, and easily 
to be overflowed. They observe, indeed, that the water rises three 
feet or three feet and •§ in the gulf of Venice, and as much, or very 
near as much, all along the river of Oenoa, as far as the river Amo ; 
but this rather adds to the wonder. 

"I here omit to speak at large of the several hypotheses which 
have been invented to solve this difiiculty; such as subterraneous 
vents, cavities, and indraughts, exhalations by the sun-beams, the 
running out of the water on the African side, as if there were a kind 
of circular motion of the water, and that it only flowed in upon the 
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n iHib« dtMiavH in niw slornivMasoo Iban is formed in M*«al 
■^^jctv Aud '■'* anunmlatioH tlim firevented." 

r:9 O'Jmn rlorlt pmvrf that llw sun's mfluence at llie pnln, 
so Ur tron lieint> «]Dal lo prr<'lu<« a constant and anif>irra (flvct, 
onoaz an impuhe (vtcndiaE ils tfltct In the teiiiot«st parti of oar 
pMc asd a dail^ clmtion of seven! fe«t lo the waters of Ike 
mxm^ •> i»t ittficter.i ia the holiest pentid uf summer In diSii« 
a t«£^;>-< tuMM i ai>d llius we are convinced that a fvw plain ani 
idfse ur:t an ol' Buth greater avail than a mullitudc nf bncifiil 
«e*rc<tarv^ 

[PAi7. -Wflff. ToLVlIL] 

SECTION Til. 

^".--.-..•f, G^ip'-.-ttnaa'^ amd Temperature of the Sea. 

Bi-'ivts iSe f-'im-iQ and peiijdical tides desciibed and ex. 

ruaseij m t^e ptcce>fi»^ teciion, a raiiety of local turrents lie 

tP!k:v;rili idcI «::ii '.a 'tiffercni teas, on difTer^nl parts of the ocean, 

r.i Ti» rv«« ^rt pX fsr train land. These are irsually and per. 

r.'iw <-vTiec*!<i a<cr^ed to pirticuhr winds, but tbey do not ilnji 

• ;vi»f to :«-e frfloi this esiwe, nor is il easy to aKcrtaiii Ibeir 

.- rifk . .- .-f _*.''».:■* :;:(leed they have been traced below ibe taihct 

fi '.■:.« wi'tt. T'lrniry in a coMrary direction to ibe slnlDin of 

« "-.: >'<■*( . aad ia sjth c;*t> utiiloiibtcdtv the reniU of lomelhing 

».-:y .- -^i-t^; ■V.-m «:rJ» or aiwi*').ni'. This ia^t I Lit often been 

.■-:-.-< . ,r- : T.:;-i?, peiiiJi**, correctly, to the iniineiMe masses of 

-: .-<. V-- ^'- :^e 2 ma!r: -leiffee uf cold in the under thio ii 

■ . •'■n-':-.: ni-.<i:,-e C'UDl RiimtaidsiiipectstheteisviMler 

L -■.-.: -■ ! "; ir f^i-ii'p |.<erpetually from the poirt ttMitdi 

. : t ■, ;:r. iK! >'.<:: ::;e superior water flom from ibe cqntot 

.7. i l:c lliu* ciidcatoiira lo account (bt the pi* 

r-7'.-;«r!t.:re which is freqnaitlj fbimd ai deep irf 

MpTflMi 1 . ^^ „r (be Mme 4IU« oT water. 

The I. •■'■ft iw pMum ■ 
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Christian shore, which latter I cousidcr as a mere fancy, and cmi> 
trary to all observation. 

'* My cot\iecture is, that there is an under-corrent, bjf wfairb aft 
great a quantity of water is carried out as comes flowing in. To 
confirm which, besides what I have said above about the difference 
of tides iu the ofiiog, and at the shore in the Downs, which neces- 
sarily supposes an under-current, I shall present yon wkh an instance 
of the like nature in the Baltic sound, as I received it from an able 
seaman, who was at the making of the trial. He told me, thai 
being there in one of the king's frigates, they went with their pin. 
nace into the mid stream, and were carried violently by the cnrreat; 
that soon after they sunk a bucket with a large cannon bal^ to a 
certain depth of water, which gave check to the bont'a motion, and 
jinking it still lower aud lower, the boat was driven ahead to wind- 
ward against the upper current : the current aloft, as he added, not 
being four or five fethom deep, and that the lower the backet was 
let fall, they found the under current the stronger.'^ 

Of upper currents^ Mr. Renuell has particularly dcacribed a very 
singular one often prevaihng to the westward of Sciily, aud daa* 
gerous to ships that approach the British Cbaimel *. Tlicy are, 
however, more frequently met with about the Straits of Gibraltar, 
and near the Antilles. These latter are especially worthy of notice, 
and are thus described and accounted for by Dr. PeysenneJ f. 

The coasts of these American islands are subject to counter- 
tides, or extraordinary currents, whicii render it very dangerous to 
chaloupes and other small craft to land ; while at the same time 
the boats and ships in the rouds are scarcely ever sensible of them, 
and seldom incommoded by them ; nor do those who are out at 
sea appear to be afiected by them. It is however certain that a 
regular wind constantly blows, in these parts of the torrid zone, 
from the tropic of Cancer, to the equinoctial line, from the east; 
inclining sometimes northward, and sometimes southward. This 
wind is called alize, or trade-wind, for reasons admitted by philo- 
sophers, and it draws the water westward, giving a total and aoi. 
form course to that inmiense quantity, which comes from the great 
river of the Amazons, and from an infinite number of other riven, 
whicli discharge themselves into the ocean. These currents passiug 



• Phil. Tram. 1793. Vol. Ixxxiii. f lb. 1755. Vol.xlix. 
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to the westward i^o up to the Americao islandii, tlicn to the c(>asts 
of Jucatan and Mexico, and running, round iu tliegulf. return into 
the great ocean, bv the straits of Bahama, al jng the cu»sti of Flo. 
rida, iu order to pursue, in the north, the couise ordained tbein 
by the Supreme Being. It is in this course the waters are known 
to run with an extraordinary rapidity : they pa>& between the great 
and little islands of America, in the great deeps^ by an almost 
even and imperceptible motion; but against the shores ami eoastf 
of these islands, which form this archipelago, these currents are. 
very sensible and dangerous; they interrupt the navigation, inso. 
much that it b scarcely possible to stem these tides to get to the 
eastward. 

It ofteu happens, that vessels steering from St. Domingo, or the 
other Leeward islands^ to the windward ones, cannot absolutely ao» 
complish it, ami are therefore obliged to get out of the channel, 
aD<l steer away to the northward, in order to tack up to the wmd* 
ward isles. These are daily observations, and well known to aU 
navigators of America. 

Besides these regular currents, there are others, called counter., 
tides, which are observable on the sea-coasts and shores. In places 
where these (low, the sea rises in an extraordinary manner, becoim 
ing very furious without any apparent cause, and without being 
moved by any wind ; the waves rise and open very high, and break 
against the shore, with such violence, that it b impossible for ves- 
sels to land. These he thmfcs are chiefly caused by the pressure of 
heavy black clouds sometimes seen hanging over an i-^laud or the 
sea. As to other curients in the main seas, or in other particular 
Situations, as the gut and the coasts of the Mediterranean, Dr. Pey« 
sennel ascribes them to the action of the winds, &c. 

The most extraordinary current we are acquainted with b that of 
tlie gulf of Florida, incidentally glanced at above. It is thus de* 
scribed by Sir Charles Blagden *• 

One of tlie most remarkable facts observed in navigating the 
ocean, is that constant and rapid current which sets along the coast 
of North America to the northward and eastward, and b commonly 
known to seamen by the name of the gulf.stream. It seems justly 
attributed to the effect of the trade-winds, which, blowinu from the 

• lb. )T8l,vol. Ixri. 
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eastern quarter into tbe great Gulf of Mexico, cause there an accu« 
niulation above the common level of the sea ; in consequence of 
wDicby it is constantly running out bj the channel where it finds 
least resistance, that is, through the Gulf of Florida^ with such 
force as to continue a distinct stream to a verj great distance. Since 
all ships going from Europe to any of the southern provinces of 
North America must cross this current, and are materially affected 
by it in their course, every circumstance of its motion becomes an 
object highly interesting to the seaman, as well as of great euriosity 
to the philosopher. 

During a voyage to America in the spring of the year 177^* 
Sir Charles used frequently to examine the heat of sea*water newly 
drawn, in order to compare it with that of the air. The passage 
was made far to the southward. In this situation, the greatest heat 
of the water which he observed was such as raised the quicksilver 
in Fahrenheit's thennometer to 77 \. This happened twice : the 
first time on'the lOth of April, in latitude 21^ !(/ N. and longitude 
by reckoning 52^ W. ; and the 2d time 3 days afterwards, in lati. 
tude 22^ T and longitude 55"" ; but in general the h^t of the sea 
near the tropic of Cancer about the middle of April was from TCP 
to ?r . 

The rendezvous appointed for the fleet being off Cape Fear, theis 
course, on approaching tlie American coast, became north west. 
ward. ' On the 23d of April the heat of the sea was 74', the lati- 
tude at noon ?8* 7' N. Next day the heat was only 71**, then in 
latitude 29® 12^; the heat of the water, therefore, was now lessen, 
ing very fast in proportion to the change of latitude. The 23th 
the latitude was 31* 3'; but though they had thus gone almost 2^ 
fartlier to the northward, the heat of the sea was this day nxlhcr 
increased, it being 72° in the morning, and 72«| in the evening* 
Next day, the 26th of April, at half after 8 in the morning, tbe 
thermometer rose to 78*^; higher than he had ever observed it, even 
within the tropic. As the difference was too great to be imputed to 
any accidental variation. Sir C. Blagden i^nmediately conceived that 
they must have come into the gulf-strean», the water of which still re- 
tained great part of the heat that it had acquired in the torrid zone. 
This idea was confirmed by the subsequent regular and quick dimi- 
nution of the heal: the ship's run for a quarter of an hour had les- 
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wned k 2* ; the tbemoineter at S^*" being raised by 3ea. water fresh 
drawti only to 76P; by 9 the heat was reduced to 73^, and in ^ of 
mn hour more, to 71^ nearly: all this time the wind blew fresh, 
and they were going J knots an hour on a north-western course. 
The water now began to lose the fine transpsKent blue colour of the 
ocean, and to assume something of a greenish olive tinge, a welU 
known indication of soundings. Accordingly, between 4 and 5 in 
the aAernoon ground was struck with the lead at the depth of 80 
latboms, the beat of the sea being then reduced to 6ff*» lu the 
course of tlie following night and next day^ as they came into shal- 
lower water and nearer the land, the temperature of the sea 
gradually sunk to 65\ which was nearly that of the air at the 
time. 

Bad weather on the 26th prevented them from taking an obser. 
vation of the sun ; but on the 27th, though it was then cloudy at 
Boon, they calculated the latitude from 2 altitudes, and found it 
to be 33** 26' N. The difference of this latitude from that which 
was observed on the 25th» beiug 2^ 23^, was so much greater tlian 
could be deduced from th^ ship's run marked in the log.book, as to 
convince the seamen that they had been j»i many miles to the north, 
ward by the current. 

From these bbservatioiM, the writer thinks it may be concluded, 
that the gulf.streain, about the 33d degree of north latitude, and 
the 76th degree of longitude west of Greenwich, is, in the month 
of April, at least 6 degrees hotter than the water of the sea through 
which it runs. As the heat of the sea< water evidently began to in- 
crease in the evening of the 25th, and as the observations show that 
they were getting out of the current when he first tried the heat in 
the morning of the 26th, it is most probable that the ship's run 
during the night is nearly the breadth of the stream measured ob- 
liquely across ; that, as it* blew a fresh breeze, could not be much 
less than 25 leagues in 15 hours, the distance of time between the 
two observations of the beat, and hence the breadth of the stream 
may be estimated at 20 leagues. The breadth of the Gulf of Flo- 
rida, which evidently bounds the stream at its origin, appears by 
the charts to be 2 or 3 miles less than this, excluding the rocks and 
sand-banks which surround the Bahama Islands, and the shallow 
water that extends to a considerable distance from the coast of 
Florida;, and the correspondence of these measures 11 ?fry remark- 
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able» sbice the stream, from well known prtncipks of hydraulic^ 
mint gradually become wider as it gets to a greater distance froa 
the diannel by wbicb it issues. 

We bave observed^ that inhere there is an under current, it has 
in raatiy cases been found colder than the upper ; or rather that aa 
under current has often been conjectured to exist, from tins cir- 
cumstance. Thus on long. 31, in lat 69, when llie temperature of 
the atnioaphere, and of the surface of the sea, was sg^ Fahren. 
L*ird Mulgrave found that the water at the depth of 4038 feet^sunk 
the thermometer to ^f* And at the tropic, where the difference 
of seasons never produces a difference of more than five or six de- 
greesy the variation between the beat of the water at the surface of 
the sea, and that at the depih of 360O fee1> has been found to 
amount to not less than 31% the superior temperatute mcasaring 
S4°, and that hdow not more than 4S\ 

It is a corious fact, however, that hi the northern aeas, where we 
should expect this difference to take place with the greatest pre- 
cision, it exhibits the greatest uncertainty, the lower water bemg 
sometimes warmer and sometimes colder. In pfoof of this we in* 
sert the following result of the trials made by Charles Douglas, 
Esq. of bis Majesty's ship the Emerald, in the year 1^9, off the 
coasts of Norway and Lapland, as thrown into a tabular form by 
Dr» Thomson. 



Date. 


Latilude. 


fcmperMi 


Ulf. 

Bottom. 


Depth. 


Open aii-. 


Unrtacv 








ot Ka. 

36' 






May 12 


70" 4(y 


27° 


sg"" 


87 fathoms. 


17 


Ditto. 


38 


37 


39 


90 


22 


70" 32' 


40 


37 


39 


80 


June 29 


70° 54' 


47 


44 


40 


98 


July 7 


70 45 


46 


46 


44 


70 


8 


68 43 


46 


47 


52 


260 


8 


68 43 


46 


47 


46 


100 


9 


65 25 


48 


48 


48 


210 


9 


65 25 


48 


48 


46 


100 


10 


64 40 


52 


52 


46 


141 


10 


64 40 


52 • 


52 1 


45 


75 



The experiments were made by letting down the thermometer 
enclosed in a thi cylinder filled with water, and letting it remain at 
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tbe botfoin f>r iialf an hour. It was sank by means of the deep 
sea^soondiog lead *« 

[Editob. 

tKCTION V11I,'» 

On ike Motion ofWar>€$^ and the EffecU of Oil in quieting them. 

It will easily be coaceived that tbe waves rise Ligher or lower^ 
according to Ibe power of the oiiginai moviug force; for the more 
water b dbplaced by that force, the greater quaotity of it must be 
elevated above the usual level ; and o^ course the breadth of the 
waves is likewise greater. 

it seems to be pretty well determined from a variety of experi* 
meats and observatioos^ that tlie utmost force of the wind caonot 
penetrate a great way into the water; and that in great storms the, 
water of the sea is slightly agitated at tlie depth of 20 /eet below 
the usual levels and probably not moved at hU at the depth of 30 
feet or five fathoms f. Therefore the actual displacing of the 
water by the wind cannot be supposed to reach nearly so low ; hence 
it should seem that the greatest waves could fiot be so very high as 
they are oAen represented by accurate and creditable navigators* 
But it must be observed tliat in storms, waves hicrease to an enor- 
mous size from the accumulation of waves upon waves; for as the 
wind is continually blowing, its action will raise a wave upon another 
wave, and a third wave upon a second, in tlie same manner as it 
raises a wave upon the flat surface of the water. In fact, at sea, a 
variety of waves of different sices are frequently seen one upon th^ 
other, especially whilst the wind is actually blowing. And when it 
blows fresh, the waves, not moving sufficiently quick, their tops, 
which are thinner and lighter, are impelled forward, are broken, 
and turned into a while foam, partides of which, called the sprajfy 
are carried a vast way. 

Waves are circular, or straight, or otlierwise bent, according as 
the original impression is made in a narrow space nearly circular, or 
in a straight line, or in other configurations. In open seas the waves 

• Phil. Trans. 1770. Vol. lou p. SO. 

f Boyle's works, folio edition, voh iii. Rclmtioas about tlic bottom of the 
sra4 sect, iii. 
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gentmllj an in tbe «bape of straigbt fiirrawi» beauMe tbe tvind 
blows upon the wmter in a pnndkl manner, al kait for a kng ap^ 
parent tiacf • 

Wben the water receives several hnpolses at tlie same time, hot 

in diflferent {daoes, tlien Ibe waves which proceed from those places 

must necessarily cross each other.^-Bj this crossing the vraves do 

wot disturb each other; but they follow thehr proper diiectioni^ by 

passing one upon the other. Thus if two stones be thrown upon 

- the surfooe of stagnant water neariy at the same time, but ai a 

Bttlc distance from each other; the areolar waves whidi pnceeil 

' from those places will be deaily perceived to cross each other, and 

; to follow their peculiar courses. The reason of which is, that the 

same cause which produces* the alternate risittg and foiling of the 

' water qpon the surface of otherwise stagnant water^ most operate 

in tbe same manner* and must produce the like effect on the'snrfoea 

of another wave. 

When a wave meets with an obstacle which is straight and per« 
pendicular) such as a wall> or a steep bank, then the wave is 
reflected by it, and tbe shape of the reflected or retrogade wave, 
istbe revena of what it would have been on the other side of 
the obstacle, had the obstacle not existed : For tbe middle part of 
the curvature must naturally meet the obstacle, and most be re. 
fleeted by it first. And since waves will cross without ohstmctnig 
each other, tbe reflected waves will proceed from the obstacle^ an4 
will expand all rounds &c. 

When the bank or obstacle is iDclined to the horizon, as is fre- 
quently the case on the shores of the sea ; then the reflection of the 
waves is disturbed, and it is of|en absolutely destroyed by the flic* 
tion of the water upon the ground. 

If the obstacle be $uch as to reflect a part only of the wave, such 
as a stone or a post, which is j^urrounded by the water ; then the 
wave will be partly reflected in shapes and directions which dtfier 
according to the form and size of the obalade, whilst the rest of the 
wave will proceed in its origioal directioo. 

When a hole in an obstacle permits part only of a wave to go 
. through, then circular waves will be formed on the other side of the 
obstacle, whose centre is the hole; foi in flict those waves ow^ 
then: origin to the motion of the water in that place only. 
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Tbe same causes which raise water ioto waves> must evidently 
IKoduce the like effect oo other fluids, but in different degrees, ac* 
cording as the fluid b more or less heavy, as its particles adhere 
more or less forcibly to each other, and probably likewise according 
^s there is a greater or less degree of attraction between the fluid 
and the other body, which gives it the impulse. 

When a stone or other heavy body is dropped on the surface of 
oil, the waves are not nearly so high, nor so quick* neither do they 
spread so far as the waves of water. This effect is evidently owing 
to the clamminess, or great degree of adhesion between the particles 
of the oil. 

If the waves upon oil be attempted to be raised by the force of 
wind, it will be found very difficult to succeed even in a moderate 
degree. This difficulty is, in a great measure, owing to the attract 
lion between the particles of oil ; but besides this, there may be 
less attraction between oil and air, than between the latter and 
fvater ; for water always contauis a certain quantity of air ; and if 
it be deprived of that air by means of boiling or otherwise, a short 
exposure to the atmosphere will enable the water to reimbibe it. 

It is likewise probable, that the surface of water, even when 
stagnant, may not be so smooth. as the surface of oil ; so that tbe 
^ind may more easily catch into the inequalities of the former thaa 
of the latter. 

It is remarkable that the effect of the wind upon water may, ma 
great me^ure, be prevented or moderated, by spreading a thio 
film of oil on the surface of the water. 

Ko great quantity of oil is required for this purpose ; for, though 
pii be very clammy and adhesive to almost all other bodies ; yet 
when dropped upon water, it will instantly spread aud extend itself 
over a vast surface of water ; and it will even drive small floating 
bodies out of its way, acquiring, as it seems, a repulsive property 
amongst its ovjrn particles. 

This repulsion may be shewn in the following amusing manner : 
Cut a light shaving of wood, or of paper, in the form of a comma, 
smear it with pil, then place it upon the surface of a pretty large 
piece of smooth water ; and the bit of wood or paper will be seen 
to turn round in a direction contrary to that of the point, which is 
occasioned by the stream of oily particles^issumg from the point, aid 
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spmdnig tlveniselves over th« surface of the water. This experi- 
ment win not succeed in a bason or otlier small vessel fiiN of #atcr; 
therein the particles of oil have not room enough to cspatid thenh' 
selves. 

If a heavy bodj be dro|^ied on the surface of water which is thus 
covered with a film of (hI, the waves Will take place in the same 
manner as if tliere were no oil. But the blowing of tlie whid wBI 
have little or no efiect upon it. In this case the oil seems to act b^ 
' t'ween water and au*. in the same manner as It a6ts hetween the mov- 
ibg parts of nuxhanical- engines; via. it lubricates the parts^ and 
renders the motion free and easy. 

But whether this be the real exphtiation or not^ the fact is not 
teas true than surprising ; and a very useful consequence has been 
derived firom it, namely, a method of stillrog the waves of the sea fa 
oertain cases. 

It is expressly mentioned by Plutarch* and Pliny f* that the sea- 
ttcli of 'their times used to still the waves hi a storm, by pouring oil 
fhto the sea. But since the revival of Icartimg, though several ^h^ 
servatioBs rrfartlve to it are to be found In accounts of voyages, drc 
;fet I do not -know that any notice has been taken of this account by 
any philosophical writer, pre^us to the late celebnted Dr. Fianlu 
Mn, who collected several accounts relative to the subject, and made 
a variety of experimenti upon it, the sum of which is as follows X. 

A small quautity of oil, for instance, a quarter of an ounce, will 
spread itself quickly and forcibly upon the water of a pond or lake, 
to the extent of more than an acre ; and if poured on the windward 
side, the water will tliereby be rendered quite smooth as far as iJie 
film of oil extends, whilst the rest of the pond may be quite rough, 
from the action of the wind. 

- If the oil t>e poured on the leeward side^ then the force of the 
wind will, in a great measure, drive it towards the bunk. Beskles 
which, the ex))erimcnt is frustrated by the waves coining to^ that side 
already formed ; for the princifial operation of the oil upon water is, 
as it seems, 1st. to prevent the raising of new waves by the wind; 

• Qamsi. Nat. f Hist. Nat. lib. ii. c. lOS. 

J See his piper on the stilling of wares by means of oil, lo the Phil. Traa. 
vaL Izif. or hi hit Miiccllaneoui Pspen. 
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and Sdly. to prevent its diiviug those which are already rabed with 
so much force, as it would if their surface were not oiled. 

Such experiments at sea are evidently attended with a great many 
diificuliies; but in particular cases essential advantages may be de« 
rived from the use of oil» and several instances of its having been of 
very great service, are recorded *. '< \Ve might,** says Dr. FrankliOy 
" totally suppress the waves in any required place, if we could come 
at the windward place, wliere they take their rise. This in the 
ocean can seldom, if ever^ be done. But, perhaps, something may 
be done on particular occasions, to moderate the violence of Ibe 
waves, when we are in the midst of them, and prevent their break- 
ing, M here that would be inconvenient. 

** For when the wind blows fresh^ thece are continually rising nm 
tlie back of every great wave, a number of small ones, which roughen 
its surface, and give the wind hold, as it were^ to push it with greater 
force. This hold is diminished by preventing the generation of those 
small ones. And possibly too» when a wave's surfi^e b oiled, the 
wind, in passing over it^ may rather in some degree press it down, 
an<l contribute to prevent its rising again, instead of promoting it*'' 

Light, volatile, or etberial oils, like ether, spirit of turpentine, &e. 

do not possess the same property as fat oils, such as olive oil, lia- 

seed, rape-seed oil, tram oil, &c. 

ICaiallo. Nat. Hiit. 



• Mr. Tengfwgel, in a letter to Count Bentinck, dated Batayia, Jaauory 
the 5lb, 1170, says, '* Near the Islands Paal and Amsterdam, we met with a 
storm which had nothing particularin it worthy of being; communicated to you, 
except that the Captain foond himself obliged, for greater Safety In wearing 
the ship, to pour oil Into the sea, to prevent the waves breaking over hrr, 
which had au excellent effect, and sacceeded in preterving us.'* Phil* Tran* 
vol. Ixiv* p. 456. 

It has been remarlced in Rhode Island, that the harbour of Newport is ever 
smooth whilst any whaling vessels are in it ; which is, in all pro))ability, owin/;^ 
to the fish-oil that may come out of them. 

It is said to be a practice with the fishermen of Lisboo, when abont to rettirn 
into the river (if they lee before them too great a snrf upon the bar, which 
they apprehend might fill their boau in pasiung) to empty a bottle or two of 
oil into the sea, which will suppress the breakers, and allow them io pass safely. 

In various parts of the coast of the Mediterranean, and clsev\hrre, it is a 
practice of the fishermen, to sprinkle a little oil upon the water, which smooths 
the surface of the water that is raffled by the wind, and thus enables ihem to pec 
and to strike the fish. 
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SVCTION IS. 

On t1k0 force of the Rudder^ and ike manner in which ii acie; 
Tun force fay wliicii the rudder of a ship, maktfs ber «ofe b 



wj diieetioot at pleaiiire» excites no tmaU degiee of atCoaishaMat; 
eipeetally wheii we cooiider the weak actioD of the cnonnoaa rod. 
den with which some of the bai^ges that oaTigate oar riveit and 
caaalt are furnished^ The cause of tliii phcBomeiion we shall hefo 
cadeavour to explain aod illuitrate* 

The rudder of a barge or vessel has no action wdess iaspelled bgr 
the water* It is the force resnitbg from thb inpube, which bei^f 
applied in a directioo transversal to the poop, tends to wake the 
vessel tam around a point of its mass^ called the ^Hmtaneons centra 
of raCatiott. The prow of the vessel describes around thii|XMBt as 
arc of a circle^ in a direction opposite to that described by tba 
poop ; hence it follows that the prow of the vessel turns towards 
that side to which the rudder is turned, consequently opposite to 
that side towards which the tiller or lever of the rudder is moved, 
flenceb when the tiller is. moved to the st ar board sidc» Iba vessd 
tuns towards the larboard, add pipe ver$a»^ 

A force, and even a certain degree of intensity^ mast fberefora 
be applied to the rudder to make the vessel turn; and on th» 
account the. construction of the vessel is so contrived, as to iucicasa 
this force as much as possible ; for while the barges which navigate 
our rivers are in general very broad behind, and screen as w^ ipay 
say the rudder, so tliat the water flowing along their sides can 
scarcely touch it, the stern of vesseb iutended for sea are made 
narrow and slender, so that the water flowing along their sides mus^ 
necessarily strike against the rudder, if in the least moved from the 
direction of the keel, l^et us therefore endeavour to estimate nearly 
the force which results from this impulse. 

A vessel of 90O tons, when fiiUy laden, draws 13 or 14 feet of 
water, and its rudder is about two feet in breadth. Let us now 
suppose that the vessel moves with the velocity of two leagues per 
hour, which makes 176 yards per ipinute, or about nme feet per 
second ; if the rudder be turned in such a manner as to make with 
the keel a continued angle of 3Q degrees, the water flowing aloD^ 
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the sides of the ressel will impel the rudder under the same asglei 
that is 30 degrees. The part of the rudder under water being 14 
feet in length and two in breadth, presents a surface of 28 square 
feet, impelled at an angle of SO degrees, by a body of water flowing 
with the velocity of nine feet per second. But the action of such a 
cnrreiitf if it impelled a similar surface in a perpendicular direction^ 
would be 2^05 pounds, which must be reduced in the ratio of tbe 
fquare of the sine of incidence to that of radius, or in' the ratio ^ t% 
<me, since the sine of 30 degrees is 4, radius being one. The affort 
therefore of the water will be 55 1 pouuds. Suclr is the force exer« 
cised perpendicularly on the rudder ; and to find the quantity of 
this force that acts in a direction perpendicular to the keel, and 
which makes the vessel turn, nothing is necessary but to multiply 
the preceding effort by the cosine of the angle of inclination of the 
mdder to the keel, which in this case is y^f or 0*866, which viill 
give 477 pounds. 

The above computation is made on the old supposition, that tire 
force of tiie water is diminished in proportion as the square of the 
sine of the incident angle is lets than the square of the radius. But« 
by more accurate experiments it is found (Dr. Hutton's Math, and 
Phtlos. Dictionary, Tab. 3, Resistance), tJiat at an angle of 30 de« 
grees, the absolute force is diminished only in the ratio of 840 to 
^78 ; hence then, the whole force 2205 pounds, reduced in this 
ratio, comes out 7^0 pounds, for the effective or perpendicular 
force on the rudder, to turn it or indeed the ship about, supposing 
the ruddier held or fixed firm in that position. 

But there is one cause which renders this effort more consider, 
able : the water which flows along the Hides of the vessel does not 
move in a direction parallel to the keel, but nearly parallel to the 
fides themselves, which terminate in a sort of angle at tbe stem* 
post, or piece of timber which supports the hinges of the rudder ; 
to that diis water bears more directly on the rudder by an angle of 
about 30 degrees: hence, in the above case, the angle uilder whicli 
tlie water impels the rudder will be nearly 60 degrees : we must 
therefore' muke this proportion, as the square of radius is to the 
square of the sine of 60 degrees, or as one is to |> ; so is 2205 to 
1653. The force therefore which acts in a direction perpendicular 
to the keel, is l653 pouuds. Or, by the table in the Dictionary 



abcMW qiMM, as ft40 if to 739 (fcr 6tf% to is 8SD5 to igid ponwU, 
the per|ieBdiciilar foico. 

llus effort will uO'doiil^ appear very iDConaiderable wbcn earn. 
parcid with'tfae titut it produoct, which ii to tarn a maa of 90O 
toM ; btti it must be obienred that this effiart is applied at. a wtj 
gprcal distance from the point of rotation and fnun the vcsseraccatn^ 
cf ^vitY; lor this eenlre is a little bejoqd the middle of tlia icsad 
towards the prow, as the anterior part swelb o«|t» while the poste* 
rior tapers towards the lower works in order that the actum of the 
rodder may not Ik interrupted. On the other hand, it can be 
ahewn thai what is called the spooUineoos centre of rotation, the 
point round which th^ vessel tunub is ah|0 a little begfood the mid* 
dk and towards the prow ; hence it follows* that the effixt applied 
at the extremity of the keel« towards the stero^ acts to move the 
vessePs cjentre of gravity, by an arm of i| lever 12 or J J tones mb 
long as that by which this centre of gravity^ where, the wri|^c€ the 
vessel is supposed to be united* eaerts its action. And la«tly« there 
b no comparison between the action exercised by this weight whcp 
floatmg in water, and that which it would exert if it weie vaqniRd 
to rfuse it only one line. It needs therefore excite no smprise* that 
the wf ight of one too; applied with this advant^gc^ shonld make 
the vessePs centre of gravity revolve around its centre of rotation. . 

If the ship, instead of going at the rate of two k^gocs per hour 
sails at the rate of three» the force applied to the rodder will be to 
that applied in the former case, in the ratio of nine to four; conse- 
quently, if the position of the rudder be as above supposed, the 
actual force will be 3719 pounds, or rather 4304 pounds: if the 
velocity of the vessel were four leagues per hour, this force, in the 
wnie |)o$ition of the rudder, would be four times as much as at 
first, or 66 1 2 pounds, or rather 7652 pounds. 

Hence it is evident why a vessel, when moving with rapidity, is 
more sensible to the action of the hehu; for when the velocity b 
double, the action is quadrupled; thb action then follows the 
square or duplicate ratio of the velocity. 

If the water moves in a direction parallel to the keel when it 
impels the rudder, it will be found that this angle ought to t>e 34 
degree»*44 minutes j but, as already observed, the water is carried 
along in an angular uianuer towards the direction of the keel con. 



OK THE VSLOCITY OF A VBSSBl.. 96T 

imiied ; which reuders the problem more diflkult. If we aopfioMi 
thb angle to be 15 degrees, whidi Bouguer considers as near tha 
truth, it will be found that the angle in question ought to be 46 
degrees 40 minutes* 

Ships do not receive the whole benefit of this force; for the 
length of tlie tiller does not permit the helm to form with the keel 
an angle of more tlian 30 degrees. 

{^Hution. Montucla^s Otanam.^ 

SECTION X. 

On the Velociiy of a Vessel compared with thai oj the Wind. 

A VESSEL can never acquire a velocity greater than, or eveH 
equal to, that of the wind, when in a direct course, or when she is 
sailing be tore the wind ; for besides that in this case a part of the 
sails injure or intercept the rest, it is evident that if the vessel should 
by any means acquire a velocity equal to that of the wind, it would 
DO longer receive from it any impulse ; its velocity then would begin 
to slacken in consequence of the resistance of the water, until the 
wind should make an impression on the sails equal to that resist, 
ance, and then tlie vessel would continue to move in an uniform 
manner, without any acceleration, with a velocity less than that of 
tlip wind. 

But, when the course of the vessel is in a direction oblique to that 
of the wind, this is not the case. Whatever may be its velocity, the 
sail is then continually receiving an impulse from the wind,, which 
still approaches more to equality, as the course approaches a direc* 
tion perpendicular to that of the wind : therefore, however fast the 
▼essel advances, it may continually receive from the wind anew Im- 
pulse to motion, capable of increasing its velocity to a degree supe- 
rior to that even of the wind itself. « 

But for this purpose it is necessary that the construction of the 
vessel should be of such a nature, that, with the same quantity of 
sail, it can assume a velocity equal to 8-llths or 3*4ths that of the 
wind. This is not impossible, if all the canvas which a vessel can 
spread to the wind, in an oblique course, were exposed in one sail 
in a direct course. This then being supposed, Bouguer shews, that 
if the sails be set in such a manner, as to make with the keel an 
angle of about fifteen degrees, and if they receive the wind in a per. 
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peiidiqolar direction, the vessel will coDtinoally acquicse a new acce« 
leratioDff in the direction of the keel, until her. velocity be superioTi 
to that of tfie wind, and that in the ratio of about four to three. 

It is indeed true, that, as the masts of vessels are placed at pre- 
sent, it is not possible that the yards can foroi with the keel an 
angle less than fovty degrees ; but some navigators assert, that by 
means of a small change thi» angle might be reduced to thirty de» 
grees. In this case, and supposing that the vessel could acquire b 
the direct line a velocity equal to 3«4ths that of the wind, the velo- 
city which it would acquire by receiving the wind* on the saib at 
right angles, might extend to 1*034 that of the wind, which is a 
little more than unity, and therefore somewhat more than the 
Telocity of the wind* 

If we suppose the same velocity possible in the direct course^ and 
that the sail forms with the keel an angle of 40 degree^ it will be 
found that the velocity acquired by the vessel,*in an obUqne counc^ 
will be nearly 19.20tl]s the velocity of the wind. 

Thb at least will be the case, if in tiiis position of the sails, in 
regard to the wind, they do not hurt or obstruct each other. If 
all these circiunstances therefore be combined, it appears thai 
though it is possible, speaking mathematically, that a vessel can 
move with the same velocity as the wind, or even with a greater, it 
will be very difficult to produce this effect in practice. 

[Ilution, Mont ado's OzanamS[ 

SECTION XI. 

On szcccicning Sea^zcaier, 

As a knowledge of the means whereby fre&li or sweet water may 
be procured from salt water is of the utmost importance to sea* 
faring men, we shall here offer a few remarks on this subject. 

Sweet water may be obtained from salt wMer by two methods, 
by freezing such water, or by distilling it. 

When sea-water is exposed to a degree of cold somewhat below 
the point at which fresh water freezes, its power of holding muriate 
of Hoda and other saline substances iu solution, is in part destroyed ; 
ice is formed on the upper surface, while the tluid portion umler* 
iieath becomes a concentrated brine. This ice when melted yields 



OK-iWBBT'BNiIfO BBA-WAT &ll^ 869 

t watert wluch confaiot so liUU mUdc matter as scaietly ta be dis. 
tl^ gtl^il^<^ ftom fresh wnter by the taste» or indeed by chemical 
tests. It is endent, however, that this method can ooly be resorted 
to in certain latitudes or a| certam seasons of the year. 
' The other method^ therefore, yii. that of distillation, is greatly 
to bepreferredf beuig^ftasible (with a proper apparatus) at mil timea 
and in all situationsy and, when properly conducted, yieldii^ a water 
fa pore and as sweet as that procured by congtlatiom tt was ibr^ 
aserly supposed that in order to obtain fresh water from sea.wate# 
it was necessary to add to this last, before the distillation, calcareous 
•fartht potash, or certain other substances, for the purpose of ab« 
foriiing and retaining a bituminoua matter, which all sea-water was 
supposed to contain in greater or less quantity, and to which was 
pscribed the unpleasant empyreuroatio taste of the water dbtilled 
from it, especially if too strong a fire is employed, or the distilhitioii 
is pushed too far. Dr. James Lind, however, has proved that such 
sidditions are useless, since pure rain water contracts in like manner 
a burnt laste by distillation ; which shows that it is derived from 
the action of the elementary water on the heated metallic vessels* 
This disagreeable flavour, however, goes off, for the most part, on 
txposiug the distilled water to the air* Nothing more is requisile^ 
then, for obtaining fresh water from salt water, than to be provided 
with a common still i or with still-head covers made to fit the cop- 
pers used for boiling provisions on board of ship ; and a worm.tub 
or cooler for condensing the steam. (See Dr. Lind's Essay on pre. 
serving the health of Seamen. Aho, the Appendix to his Essay on 
Diseases incidental to Europeans in Hot Climates.) Some years afler 
this discovery was made known by Dr. Lind, [It would appear how- 
ever that the simple distillation of sea*water, for the purpose of 
procuring fresh water, was practised by Sir Richard Hawkins^ in the 
reign of Queeu Eliaaheth. See the Bishop of Uandaff 's (Dr. Wal« 
son's) Chemical Assays, vol. ii.] an improvement was suggested by 
Dr. Irving, in the mode of distillation; wherein he substituted for 
the condensation of the steam, a large open pipe kept constantly wet 
with mopi^ in place of the small slender pipe passed through a tub 
of cold water, in the usual way. This, from being applied to larger 
coppers than the common method ever had been is the distillation 
of sea-watery yielded in a given time, and with the same quantity of 
fuel, a larger quantity of fresh water, 
VOL. HI. % B 
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Whether the dhtitlation be made after Dr. LbidM method* or 
with the more simple contrivance of Dr. Inriiig, the operator shookf 
be careful not to contmue tlie process too long« but to stop wheir 
tliree-fourths or ouljf two-thirds of the water shall have been diss, 
tilled ; as the water which is obtained afterwards Is less pure, and 
iha brine sometimes becomes so strong as to corrodo the copper 
boiler. [It appears from the Bishop of Llaodaflfs experiments 
(see his Chemical Essays before quoted) that the water dntilled 
from salt-water is not wJiolly free from saUne particles ; hot that it 
probably contains them in so small a proportion as not to u^me its 
salubrity in any sensible degree.] When too much fire is emphiyed 
it is possible, especially towards the end of the operation^ that some 
Muriatic acid may be disengaged, the action of which upon the me. 
tallic vessels it must be desirable to prevent. This mijght perhaps 
be effected by adding some potash to the 8ea*water. 

[PAf/. Trans. Abr. FoL I. p. 549, N^ie of ike BdUon.'] 

This subject is so important that it has occupied the attention of 
the chemists of the continent as well as of our own country for these 
fifty years past. It was at first conceived wA only as above slated, 
that sea-water abounds with bituminous matter, but with ammoni* 
acal gas from the decomposition of animal bodies of all kinds ; and 
hence, in the process of diittilling, means were taken to direst the 
sea-water of this substance, as well as of its supposed bitumen. 
Admitting the fact, for which, however, there is no authority, the 
distilled water, wiun the process is carefully conducted, as abore, 
will be as free from amntonia as from bitumen. 

One of the earliest writers upon the subject is Mr. Hanton, 
whose refrigeratory is worthy of notice on account of its simplicity r 
for, in order to save the space of a large vessel, in which the worm 
is generally placed, and the trouble of filling it with cold water, he 
made it pass through one aperture in the side of the ship into the 
sea, and return by another, so that the sea itself performed the 
ofiice of a refrigeratory. 

C-.tptain Wm. Chapman, under a great want of water in peculiar 
circumstances, exhibited an ingenuity, though under the old system, 
that is well worthy ot notice. Sometime in September 1767, after 
his crew had been ten days at sea, by an accident (olT the north 
cape of Finland) they lost the greatest part of their water. They 
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had a bard gale of wind at S. W. nthicb continued three weeks, 
and drove them into 73** iat. Diirh)g Thb time he was very uneasy, 
as knoiving if their passage should hold oot long, they must be re. 
duced to great straits; for they had no rains, but frequent fogs, 
which yielded water in very smalt quantities. He now blamed him- 
self for not having a still along with him, as he bad often thooght 
no ship should be without one. But it was now too hite ; and there 
was a necessity to contrive some means for their preservation. 

He was not a stranger to Appleby's method : he had also a pam- 
phlet written by Dr. BuHer, intitled, An easy Method of procuring 
Fresh Water at Sea. And he imagined, that soap might silpply the 
place of capital lees« mentioned by him. He now set himself at 
work to contrive a still ; and ordered an old pitch-pot, that held 
about ten quarts, to be made clean : the carpenter, by hi^ direction, 
fitted to it a cover of (ir.deal, about two niches thick, very close ; 
80 that It was easily made tight by luting it with paste* They had 
a hole through tlie cover, in which was fixed a wooden pipe nearly 
perpendicular. This he should call the 8till<head ; it was bored 
with an aiigre of ]} inch diameter, to within 8 inches of the top 
or extremity, where it was left solid. They made a bole in this, 
towards the uf^r part of its cavity, with a proper angle, to receive 
a long wooden pipe, which they fixed in it, to descend to the tub 
in which the worm should be placed. Here again he was at a loss, 
for they had no lead pipe, nor any sheet lead, on-board. He 
thought, if he could contrive a straight pipe to go through a large 
cask of cold water, it might answer the end of a worm. They then 
cut a pewter dish, and made a pipe ^ feet long : and at 3 or 4 
trials, for they did not let a little discourage them, they made it 
quite tight. They bored a hole through a cask, with a proper de. . 
scent, m which they fixed the pewter pipe, and made both holes in 
the cask tight, and filled it with sea- water : the pipe stuck withoot 
the cask 3 inches on each side. Having now got his] apparatus is 
readiness, he pat 7 quarts of sea-water, and 1 oz. of soap into the 
pot, and set it on the fire. The cover was kept from rising by a 
prop of wood to the bow. They fixed on the head, and into it the 
long wooden pipe abovementioned, which was wide enough to re. 
ceive the end of the pewter one into its cavity. They easily made 
the joint tiglit. 

2 B ^ 
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It need not he mentioned with what sniiety he waited fer wac^ 
ceis: but he was soon relieved ; for, as soon as the pot boScd, the 
water began to run; and in 28 minutes he got a quart of fresh wa# 
ter* He tried it with an hydrometer he had on bottd^ and found 
it as light as river^water ; but it had a rank oily taste, which h? 
magioed was given it l^ the soap. Tiiis taste diminished consider* 
ably in 2 or 5 days, but not so much as to make it quite palatable. 
Their sheep and fowls drank this water very greedily withoot aaj 
ill effects. They constantly kept tlieir still at wor^« and got a gal- 
lon of water every 2 hours, which, if there bad been a necessity to 
drink it,would have been sufficient for the sbif/s crew: 

He now thought of trying to get water nM>re pdatahle; aa^ 
often perused the pamphlet abovementioned. especially the quotas 
tion from Sir R. Hawkins's voyage, who ** with 4 billets distilled a' 
Jiogshcad of water wholesome and nourishing.'^ He concluded l|f 
had delivered this accouut under a veil, lest his method skoiild bf 
discovered: for it is plain, that by 4 billets he could not Bean the 
fuel, as they would scarcely warm a hogshead of water« When, ru- 
minating on this, it came into hb head^ that he bomt hia 4 bflktpi 
to ashes^ and with the mixture of those ashes with sea-water hf 
distilled a hogshead of fresh water wholesoiiie and nouiishiug. 
Pleased with this discovery, he cut a biHet small, and burnt it to 
ashes : and after cleaning the pot, he put uito it a jpoonfiil of thos^ 
ashes, with tlie usual quantity of sea-water. The result answered- 
his expectations : the water came off bright and transparent, with 
an agreeable pungent taste, which at first he thought was occasioned 
by the ashes, but afterwards he was convinced it received it from 
the resin or turpentine in the pot. or pipes annexed to it. He was 
now relieved fron) his fears of being distressed through want of 
water; yet thouglit it necessary to advise his people not to be too 
free in the use of this, while they had any of their old stock remain* 
ing ; and told them, he would make the experiment first himself; 
which he did, by drinking a few glasses every day without any ill 
effect whatever. This water was equally light with the other, and 
lathered very well with soap. They tiad expended their old stock 
of water before they reached England ; but had reserved a good, 
quantity of that which they distilled. After his arrival at Shields, 
he invited several of liis acquaintance on hoard to taste the water : 
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they dnnA fttfttfA glaaws, and thmigbt it nolbh^ Inlbrior to spifng 
%Mef. He taMle them a bowl of poocb of it, wbich iras faigbly 

tomitiei4ed* 

He iMd not the convenieoce of a still, or be sboiild have repeats 
<d tte exp^riinent for tbe conmttoD 4>f some of bis friends: for ai 
lo hknself, be was firmly persuaded, tbat wood asbes mixed with 
Iva.water would yield, when distilled, as good fresh water as could 
hi wbhed for. And lie thought, if e^fy ship bound a long voyage 
inm to take a small still with Dr. Hales's improinemenis, they need 
ntret want fresh water* Wood-asHes might easily be made, while 
there was any wood in the ship, and the extraordinary expense of 
luel would be trifling, if they contrived so that the still should stand 
im th^ fire along with tbe ship's boiler. 

' AM sweet or pure watet, if preserred in wood, will soon dissolfe 
m part tff its interior surfiu:e, and become corrupt. To avoid this 
Mr.Bentbaro proposed the following plan, for which he leeeived a 
'gold medal from t&e Society of Arts. " The mode^ says he, •* in 
irhich I conceited fresh water might ht preserved sweet, was mecely 
by kee^rtg it iQ Vessels of which the interior lining at least should 
iiie of such a substance as should not bte*acte^ upon by tbe water, 
ao as to bec6me a caote ^f contamiilatibn. i^ccord|iiij|ly, on-ho«rd 
two ships, tlie greslf^r part of the water was kept, not hk casks h;iit 
ill cases or tanks, which, though they were mide df wood, on account 
of strength, were Ihied with metallic plafes, of th^ kShd manufac^ 
jhued by Mr. Chafles Wyatt, of 9ndg«.streH, under the denomi^i 
^tion of thmed oop|>er.sheets ; and the' juttttures of tbe plates or 
dMets were soldered together, so tliHt the tightness of the cases 
4«pended entirely otar the Ihiing, ^ wati^r havibg no where access 
f6 the flrood. TBtt* shape of these cases was adapted to that of tl^ 
Imld of the ship, 46ftie of them being made to fit dose nbder tbe 
platform, fny which memis the ()tiantify of w^er stowed was consiL 
jd^My gffeaf^ thMi^oulid have H^^efr sto^N;ed^ iA the ^aaie siiad^, by 
nkeans Of cteks ; Md thereby the stoWag^-room* ou.boAltl sfiip, wafi 
itt^ mnch inci^eased. 

Tbt quantity of wsltet k^ hi this iMnller outboard e*th sbtp^ 
vims about forty tons dhided into sixteen tanks ; and there wis 
likewise, on-board each of the ships, about thirty tont^stwcdin 
/onfti as nsuah 
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As the stowing tbe water in tauks was €on6i<)ered as ao expert* 
nieiity the water iu the cabks was used in prefereace j that iu tiie 
tanks being reserved for occasions of necesiuty^ excepting that a 
soKiU quantity of it was used occasionally for the purpose of ascer- 
taining its purity, or when the water in the casks was deeme^t 
when con[i|)ared with that in tanks, too bad for use. 

The water in thirteen of the tanks, on-board one ship, aiid in all 
the tauks oo.board the other, was always as sweet as when first 
taken from the source ; but in the otlier three of the tauks» ou-boani 
one ship, the water was fouud to be more or less tauited as in the 
casks. This difference, however, is easily accounted for, by sup- 
posing that the water of these tanks was contamiijated before it 
was put into them; for in fact the whole of the water was brought 
on.board in casks, for the purpose of filling the tanks, and no 
particular care was taken, to taste the water at the time of taking 
it on board 

After the water kept in this manner had remained on*board a 
length of time which was deemed sufficient for experiment, it was 
used out, and tbe tanks were repleuislied as occasion required : 
but in some of the tanks, oiuboard one ship at least, the original 
water had remained three years and a half. About twenty-five 
gallons of the water, which had remained this length of time in the 
ship, were sent to the Society, iu two vessels made of the same sort 
of tinned copper with which the tanks were lined. 

A certificate from Captain William Bolton, commander of the 
said vessel, dated Sheerness, 28th of June, 1800, accompanied this 
letter, stating that the water delivered to the Society was taken 
from a tank holding about seven hundred gallons, and which bis 
predecessor, Captain Portlock, had informed him had been poured 
into the tank iu December I79(i, except about thirty gallons added 
in 1798, and had remained good during the whole time. 

In a letter, dated January 7, General Bentham. also states, tliat 
the water which had been preserved sweet on-board his Majesty's 
sloops Arrow and Dart, was taken from tbe well at tbe king's brew, 
house, at Weevil, from whence ships of war, lying at or near 
Portsmouth, are usually supplied with water for their sea-store, 
as well as for pressent use/* 

Editob. 
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sccTiov xri. 

49n Embankmenitj Pien^ Harboun^ und gaining Land from 

the Sea. 
• 

In various sections of the present chapter, and particularly that 
on Inundations, we have seen the dry land occasionally encroached 
upon to a very considerable extent by the natural action of different 
seas or rivers. In other instances, and particularly in the section of 
a preceding chapter, ^hieh treats of the formation of new ishrnds, 
we have seen the dry land make similar •encroachments upon the 
smrrounc|iog beds of water. << In this manner the boundaries of 
organized life are alternately extending and diminbhing ; in the 
former instance sometimes thrown up all of a sudden by tlie drew!, 
agency of volcanoes, and sometimes reared imperceptibly by the 
busy agency of corals and madrepores. Liverworts and mossea 
first cover the bare and rugged surface, when not a vegetable or 
any othe^ kind is, capable of subsisting -there, they flourish, bear 
fruit, and decay ; and the mould they produce forms an appropriate 
bed for the higher order of phtat-seeds which are floating in tha 
breeae or swimming on the deep. Birds next alight oo the new. 
formed rock, and -sow with interest the seeds of the berries, or the 
eggs 'of the worms and iAsects oo which they had led, and whicli 
pass through them without injury^ Thus tlie vegetable mould be* 
eomes enriched with animal materials ; and the whole 8ttrftu:e is 
progressively covered with herbage, shaded by forest trees, and ren- 
dered a proper habitation ibr man and the domestic animals thai 
attend apou hinu 

" The tide that makes a desolating inroad on one side of a coast 
throws up vast masses of sand on the opposite. The lygeam or 
sea.mat .weed, that will grow on no other soil, thrives here and 
fixes it, and prevents it fnm being washed back or blown away. 
Thus fresh lands are formed, fresh banks upraised, and the bolster* 
ous sea repelled by its own agency, and there are a variety of other 
plants whose roots or ramifications have an equal tendency to fix the 
quicksand, and produce the same eftct: such, especially^ as Ahe 

2B 4 
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elymos arenarius, arundo arenariiit, triticani repeos, and sereral 8p^« 
cies of the willow *•*' 

Mr. ADthony Tatlow, probably copying some previous experts 
meats of Sir Thomas Hyde Page, Bart, has ingenioosly employed 
the commen furae for the tame purpose ; and by forming it ialo aa^ 
extensive hedge, has made the sea produce a valuable and regular 
embankment of its own sand. His account of thift ingenious cob* 
trivance^ as communicated to the Board of Agriculture, A«D. ISOOa 
is as follows :— .'^ 

** The embaukment against the sea, that 1 menlioned wheo laul 

at the Museum, is upon the estate of the £arl of Ashbnmham, al 

Pembrey, in the county of Carmarthen, whither his lordship seat 

ne upon his coal and other busmess, and with directions to see if I . 

could devise any method of preventing the sea from making fiirthev- 

iBcroachmeot upon his property, which it had been doiog for maiijr« 

years, and particularly in October 1795f had broke in and coveieil. 

many hundred acres, damaged tlie houses, buildings, fladuyani^. 

and gardens ; and it was the general opinion, that a regular embankv^ 

ment must be formedf which would cost some thousand pottads» he 

liaving several miles of coast. The view that I firat took waa vpMi 

a very windy day, and the shore an entire sand, which extfoded at 

low water many miles. In rkiing along, I perceived that any piece 

of wood, or accidental impediment to the course of the sand, raised 

a hill : it immediately occurred to me, that by making a hedge at 

the weak and low places, with wings to catch the sand as the wind 

blew it in different directions, 1 should obtain the desired efiect. I 

therefore directed stakes nine feet long to be ait, and drove one 

foot and a half into the sand, at two feet and half distance from 

each other ; betwixt which I had furze interwove, so as to form m 

regular furze hedge seven feet and a half high, Of this, since laal 

June, I have done eleven hundred and thirty-seven yards; and in 

October last when I was tliere, a great deal of tlie hedge was co» 

vered, and since that time I am informed by letter, that a great deal 

more of it is so ; and that the neighbouring inhabitants draw great 

ComA>rt to themselves, from the security my furae embankment 



• We are indebted for these remarks <o the use of in onpublisbed W«M-k of 
a literary friend, well known to the world. £bitos« 
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fhfti ibete, «9 Hn pmeiit appeanmc* plaiiily erincesy thit at a tri« 
iing expense I can tccure Lord AshburahaniS estate from being 
iMMdated ; lor, whenerer tlit fint bedge is oot bigh enough to pre* 
vtnt the sea overflowingi anotber nmj be baHt upon the sand formed 
hj tbat badge, and so on in succession^ till it b perfectly safe." 

Simibr means have not only been employed to prevent encroach* 
■Msts from the sea ; bilt in various instances, to gain land from it. 
it often happens, however, that the raaehidery must here be somotf 
what mere complexy and intersected with drains and sluices. One 
•f the simplest schemes of this kind which we have lately met with 
is the fblldwing by the Rev. Bate Dudley, whieb we shall copy in 
bis own words» as communicated to the Society for the Encourage* 
Mmt of Arts, Manofactures and Commerce, and for which hk 
tecelved the gold medal. 

" A trad of land, which I inclosed on the same line of coast witUn 
Ibis patish about eleven years ago (for which I was then bonimiCil 
witb the Society*8 gold medal) being already under a ptofitabla 
course of tillage, I was induced to undertake the present inclostti#» 
m a lessee of the collegiate estate of St. Paul's. The front line of 
ieasbankment agamst the sea is nearly one mile in length, and, with 
4be rctomiag banks on each wing to the old wall^ forms an inclesure 
d contents^ as expressed in the certificate already in your possei* 
iioii. Tii€ whole of the embankment is composed of earth alone^ 
iwrrowed from the irregular salting land in the front, called ^Aa/I#» 
•and taken at the limited distance of twelve feet from the base of 
4be new work, to' leave a sufficient foreland for its protectktti I 
iMind^ from experience, in my former embankment, that I bad not 
-given it a sufficient angular declension in frontf for an easy aseeni 
i|mmI descent of the waves. This error was therefore oorreeted in 
the last work. 1 began it on a base of thirty*two feet, and wrought 
jt to the height of seven feet, leaving it a plane of five feet on the 
top, and making tlie land side of the embankment, as neatly per* 
pendienlar as the security of the base would allow. 

«* Within, on the land.skle, is cut a ditch, twelve feet wide, five 
feel deep^ and four feet at bottom ; tlie earth from which waa 
thrown into the mound. My former sea^embankment, in Bradweil 
parish, liad nearly given way to the great inundating tide of Feb- 
i^uary 1^9^ from this ere|:ti<m of new earth being made on the 
aurfiice. To guard against similar danger in the present workt i 



^78 ON BXBANKMSNTSy PtERS, HAlBOVBt, 

8pit deep trench, six feet wide, was ptevioaslj cut along the renfre 
of the whole line, on which the mound was to rest ; IhiSk by ad« 
mitting tlie new earth into an iDcorporale adhesion with the base 
soil, renders a future separation almost bnpossible. Before this, the 
main rills had been tilled and ranuDed^ to gi?e these parts equal 
solidity with the rest. 

" The «ihole operation was performed by a gang of twelve sea- 
wallers, with barrows and planks only, at one pound ten shillhigstbe 
marsh-rod, of twenty feet, and perfectly hiclosed in seven mootlis : 
bnt, it must be observed, tlyat the soil, composed of rich vegetalrfe 
matter, is without one particle of stone or gravel, and cats with 
an iron edged scoop- tool, so as to load the barrows with great 
lacility. At each ei)d of the front line is laid an out- Ml gutter, ot 
sluice, through the whole embankment, five feet in width, by three 
deep deep, clear in the run; and another of smaller dimensions in 
the centre, for discharging the land waters freely to sea. The coa- 
stractioB of these aqueducts is too well known to reqnire frrther 
description here : probably, however, the little addition given to 
those erected on this occasion may be found of some nae. Observ- 
ing it oAen happen, that, either from accident or design, the not* 
ward lid of the sea-sluices remained open, and admitted the tide to 
the great injury of the fresh waters within the marshes, I inlro- 
dnced here a light fly-lid within the centre of each sluice, mbkb k 
out of reach, and yields to the slightest pressure of the water going 
out ; but shuts closely against that of the tide, when it passes in* 
wardly the external flap. These sluices are laid upon as solid a 
foundation as can artificially be made on such soils, to prexent the 
crabs, and other sea* fish, from undermining them, which must 
other%vise l^e the case. The frame and flooring are of fir, which 
lies under water as durable as oak. 

*' Tiie land thus inclosed is partitioned into four nearly equal 
parts, by new oiit-ditches, twelve feet wide, five deep, and four at 
the bottom, which, with small intersecting rills, from various parts, 
give the whole a goo<l drainage of its salts, on the fall of heavy 
rains: and, by a course recently made t'rom a distant brook, eacii 
<livision of this land is now amply supplied with fresh water. Not 
fess tliau eight hundred South-Down sheep, and from sixty to eighty 
tiorses, are almost constantly grazed, and even winter thereon 
remarkably well. The established opinion of the best farmers of 
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tke country was, that latid, thus taken from the sea, would not 
glow corn under thirty years at least after their inclosure. But aa 
no experioieat had been made, liy which this fact could he clearly 
ascertained^ as soon as I had shut out the sea from a \mn of it» 
about six yart's square were immediately dug, and sown with horse* 
beans and oats, which, though the summer proved very dry, and 
consequently unfavourable, produced of each a fair retom of sound 
good com ; and the last harvest the same spot being sowu with 
wheat, yielded an excellent crop. The next spring I nieau to try 
it with barley and turnips. My first inclosed lands in this- parbb 
have produced two succeeding crops of fine oats, and are now grow* 
ing a very promising breadth of rape for seed. 
• " It may here be remarked, that the lower oozy parts of the oewi 
inclosure, on which no vegetable ever grew before, begin to b% 
coated with various grasses; and as the saline parts die away ia 
other spotsj for want of their natural moisture, fresh grasses replace 
them« so that the whole is now nearly covered with grazing planta 
of good quality, amongst which ap|)ear the different clovers, trefoii^ 
and rye-grass^ &c. Hence I conclude, but contrary to the general 
opinion, that though all these grew artificially from seed sown, it 
does not follow of necessity that they cannot be produced without* 
1 thiuk that the natural operation of the suu and air, upon certain 
soils will alone effect it ; and my experience in lands taken from the 
sea confirms very strongly this opinion.* 

The construction of canals, reservoirs, locks, piers and quays, are 
dependent upon the same principles, extended to a more scientific 
survey. In this view the art of embankment, observes Dr. Young, 
is a branch of architecture entirely dependent on hydrostatical and 
hydraulic principles. In Holland, and in some parts of Germany, 
this art is indb^>ensable to the existence of large tracts of country ; 
and even in this bland, it has been of extensive utility, in gaining 
and securing ground on the sea coast. The construction of canab, 
and the management of rivers and harbours, are also dependent cm 
the same principles ; and these important subjects have been dis- 
cussed by varioiui writers, in many copious treatises, expressly 
devoted to hydraulic architecture. 

When a Imuk or dike b to be constructed, it must be composed 
of materials capable of resisting, by their weight, the effort of the 
fluid to overturn them ; by their lateral adhesion, the force tending 
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lb ArMt then Mide ImritO D taHy ; and b]f tlidr detisily ibd itnm' 
dty, ttw pcMfntkm of tbe irater into tlieir tnbfltuKe. If tlie 
water be io laotkMi, they mast alio he able to resist its fHetioD, 
viUioiit being carried away by it, and they mast be arranged m 
toeh a Ibrm, as t6 be least liable to be aademiiaed. For nniiy of 
tfnse reasons, the sarfiee of the bank exposed to the water mnsf 
ie iadined Io tbe horipon : the Ime expresmg the general dvectiofi 
•f the pressure of the water oaghl to be confined entirely withhi 
its sabstanoe, so that no force thi^s applied may be able to overtarn 
it as a whole; and this condition will always be ftdfilledj when the 
ssdea of the bank make an angle with each other not less thin a 
right angle. The pressure acting on a bank thtis inclined wlQ also 
IsmI to condense the materiab, and to increase thehr lateral adiie. 
iion» and the particles will become less liable t6 crumble away by 
Ifaeir weight, than if the surface were more nearly ^rtical. For 
ambankments opposed to the sea, a bknk ranch inclined has also 
the additional advantage of breaking the force of the waires yery 
ciectually. An embankment of this kind is usually iumished with 
drains^ formed by wooden pipes or by brickwork, closed by Mling 
dooia, or valves, which allow the water to flow out at low water, 
but do not permit the tide to enter. To prevent the penetratioti of 
the water, elay is often used, either mixed with gravel, or sunk m 
a deep trench cut on each side of tbe canal or reservoir. 

The greater or less velocity of a river must determine what sub. 
stances are capable of withstanding its tendency to disturb them ; 
some are carried a\iay by a velocity of a few incites in a second, 
others remain at rest when the velocity amounts to several feet, 
^ut in general, the velocity of a river is sufficient to produce a 
gradual transfer of the particles of its bed, vi hich are sfaifled slowly 
downwards, towards the sea, being occasionally deposited in thoae 
parts where tbe water has least motion, and serving at last to form 
the new land, which is always advancing into the sea, on each side 
of the mouth of a large river. It has been recommend^, as a 
good form for a navigable river or canal, to make the breadth of 
the horizontal bottom one*fifUi of tliat of the snrAlce, and the depth 
three*tenths. 

If a canal or a reservoir were confined by a perpendicuhr surface 
of boards, and it were required to support it by a single prop) thjC 
^rop should be placed at the distance of one«4hixd of tbe wfioliS 
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ti<0ight from the bottom; kut U would be alwi^i more coftveaieat < 
in pnctke t# fix tbe side of the reservoir at the bottom, thaa t^ 
ellow tbe whole pressuie to be sufiported by the prop, and it migM 
also be strengtbeaed bj means of ribs thicker below than abowe^ 
eo as to produce aa e^ual streofth throughoutj wherever the prop 
might be plaoed : but if the side were formed of a single plaids^ 
of uniform thickoess^ the strain would be most equally divided bf 
|dacii|g the prop very near tbe middle of its height. 

The strength of the materials employed for floodi^tes and slaiosf 
requires to be determined according to the principles, which ai^ 
usually laid down, ip treating of the passive strength of substanoef 
used for pu^poees simply mechanical ; but the calculations becoosf 
in this case much more intricate. Thus, if we have a circular plat^ 
or plank* of a uniform elastic substance, constituting the bottoap 
of a pipe or cistern, and simply supported at the circumference, f 
very complicated calculation is required for determinmg the pre^ 
portioa of its strength to that of a square plate of the tame 
breadth, laipported only at two opposite ends, since at each poial 
oi the circular piece, theia are two curvatures which reqairp^ 
lo be considered. The square plate will support a column edf 
flnid twice as heavy as the weight which would break it^ if plaoe^ 
at its ceatre; and if tbe calculation be correct, a circular plate wi|l 
support a height of water dearl|y l6.7tbs as great as a squM® plat^ 
But for ordinary purposes, it will be sufficient to conskier th^ 
atrength as derived only from the resistance opposed to the fieanre 
in one direction, since the additional streooth| obtained from tbft 
lateral supports, may very properly be neglef:ted« as ouly assisting 
in affording that additional security which b always necessaryi t^ 
compensate for any accidental effects of the materials* It has beep 
asserted that the strength of a square plate is doubled when it if 
supporled ou both sides ; but this appears to be a mbtake. 

We may, theieft>re» be contented with determining the strain on 
the materials in that direction in which tliry afford the greatest 
lesistauce, either from the shorter distance between tbe support^ 
or by the disposition of the fibres ; and it will be always most eli» 
gible to combine these circumstances, so that the fibres of the wood 
may be arranged in the direction of the shortest dimensions of the 
sluke. If a sluice be supported above and below only, the greater 
stram will be at the distance of about d-7ths of iU height ir^v^ 



S82 ON BMBANKMBNTS^ P1BB8, AND HABB6UBS« 

the bottom ; and it is at this point that tlie greatest strength is 
reqnired. But if the boards forming the sluice be fived across it, 
in horitootal directious, their strength must be greatest at Ibe 
bottom. 

In the construction of flodd-gates, the principles of caqwntry 
must be applied in a manner nearly similar to that which serves for 
the determination of the best forms of roofs. The flood-gates, if 
they are double, without a solid obstacle between them, must meet 
at an angle: and when this angle is very open, tlie Ihrust against 
the walls or hinges must necessarily be very great. If, however, 
the angle were too acute, flie flood-gates would require to be 
lengthened, and in this case their strength would be ftr mote 
diminished than that of a roof similarly elevated, since the hydro- 
static pressure acts always with full force in a per|)endfcular direc. 
tion. The thickness required for each flood-gate may be deter, 
mined in the same manner as the thickness of a sluice. 

Where a sluice-board of considerable dimeuMons is to be occa« 
sionally raised, it may be necessary to ascertain tlie force which 
will be required for overcoming its friction ; this friction is nearly 
proportional to the whole pressure of the water, and may be found, 
with sufficient accuracy, in pounds, by multiplying the square of the 
depth of the sluice, in feet, by ten. Thus, if the depth be three 
feet, the friction or adhesion uill be about 90 pounds for each foot 
of the breadth. 

If the side of a canal gives way, it is sometimes of consequence 
to prevent, as mucli as possible, the escape of the water. For this 
pur|K)9e it is usual to have doors or valves in various parts of the 
canal, which, when the water is at rest, lie nearly flat at the hot- 
toui ; but wireu it begins to run over them, with a considerable 
velocity, tliey are raised by its force, and put a stop to its motion. 

The uhiitv of the introduction of canals into a commercial 
country tnay be estimated in some measure by the efiect of the 
same I'd. >^Jur, employed in removing weights by land carriage and 
by v\ater. Thus, a single horse can scarcely draw more than a ton 
weight on tiie best road, but on a canal, the same horse can draw 
a bout o^ 30 tons at the same rate. 

The const rurh'on of piers and quays, and the management of 
harbours, are also important ({e|)artments of h\draulic architecture ; 
it often happesjs that besides the application of the general princi* 
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p%B of mechanicf and hydrostatics to these purposes, the peculut^ 
circtuiistaiices of the case may indicate to an ingenious artist a modtt 
of perforining the required work in an efiectual aud ecoooniicai 
iiianuer. We iiiay find a good example of such an arrangemeot, ia 
the account given, by Mr. Smeaton, of the OMfthod which -he adopt* 
ed for the improvement of the port of Ramsgate, and which indeed 
resembfes some that had been before employed in si miliar cases: bj 
forming a large excavalioa, which is fumi^iiied with flood-gates, aad . 
is constantly 611ed at high water, he has procured a number -of 

m 

artificial torrents, which escape through the sluices^ and become 
powerful agents for carrying away the matter deposited by the sea, 
and tending to impede the navigation of the harbour. 

[Communications to the Board of Agriculture* Tran$m of 
the Society of Jrt$, 6fC. Young's Nat. Phil. Rditor. 



SECTION XIII. 

Table of Heights^ in English feety from the level of the Setu 

This valuable comparative estimate we take as laid down by 
Dr. Young, from the measurements of Deluc, Shuckburgh, Roy^ 
Bouguer, and others. 

The Caspian Sea, lower by S06 onp*third above low water mark at 

The Thames, at Hamptoo, lUy 14| Isle worth. 

The Tiber at Rome S3 The paj^oda in Kcw gardens 

The Seine at Paris, mean height S6§ from the ground 1 lO^ 

The Thames, at Buckingham The west end of the Tarpeian 

Stairs fifteen feel and a half rock 151 

below the pavement in the The Palatine hill 166 

left hand arcade 43 The Claud ian aqueduct, bnt- 

By barometrical comparison with the tom of the canal 808 

Seine and the Mediterranean, but The Janiculum ... 29^ 

this height is probably too great. The cross at St. Paul's, from 

Roy iupposes the low water of the the ground 540 

spring tides at Isleworth to be only St. Peter's, summit of the cross 535 

one foot above the mean surface of From the ground 471 

the ocean. He allows seven feet Arthur's seat, from Leith pier 

for the difference of the low water head 808 

at the Nore and at Isleworth, taking Lake of Geneva 1S30 

18 feet for the height of the spring lu greatest depth 393 

tide, adds one-third of this for the Mount Vesu\iu9, base of the 

mean height of the sea. At Hamp- cone 2021 

ton the Thames if thirteen feet and Saddleback 3048 
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. . II wiy bt okwffvcd with fetpeet to Genenl Bo/k fihriiiiiiHf 
Iko mMi hfigbt of the Mt» titit it does not ippiur flMl hrfvcf^ 
or efco hi narrow teas^ we ought to add one^tlM of the k^ht «i 
the tides only to that of low water, m order to find the lewi; Ar 
It if probable that even the original tides my olhaa meaihk fhoao 
of lakes, where, for want of breadths, the effects of a spheroidical 
Hde cannot take place, and the elevation and depression are very 
nearly equal. 
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CHAP. XXXIIL 

OUTLINE OF HYDROSTATICS. 



SECTION I. 

General Propositions, 

A FLUID b a body, tbe particles of which, when Xl^ey are Itfi 
to thcmselvesy are all in equilibrio, or are ready to move upon tbe 
smallest force being applied to any of tbem. All tbe particles of 
fluids gravitate as well as those of solids. A perfect fluid ought to 
have no viscosity ; but among liquid bodies we are acquainted with 
none that are entirely free from this property. The following pro« 
positions comprehend the principles of hydrostatics. The word 
Jiuidh used in most of them, instead of liquid, because several of 
these propositions apply to aerial fluids as well as liquids ; and stat* 
iiig such, generally, will save us some repetition hereaAer. 

1. The surface of every fluid when at rest is horizontal, or per« 
pendiailar to the direction of gravity. It will at once be perceiv- 
ed/ that when the extent of surface of the fluid is considerable, 
instead of being flat it will assume perceptibly the form of the seg* 
nient of a sphere. For example, if a pond extends two mOei 
every way, it can be shewn that the centre is eight inches higher 
tlian the sides. The quantity of curvature increases as the square 
of the arches described. Hence in levelling, a correction is ne- 
ce.^snry for this curvature, and it is usually made in this way : If D 
be tile distance in miles, two- thirds of D^ is equal to the correction 
in feet. 

2. I'iie fluid in a vessel being at rest, and subjected to the sole 
action of gravity, every particle of it is subjected to the ssme pref. 
sure every way : and the pressure is equal to the perpendicular co« 
lumn of water above the particle. 

3. The pressure of water upon the sides of the vessel is equal to 
the greatest height of the water, without any reganl to tbe extent 
of its upper surface. This is what is usually called tbe hydroftatkid' 

VOL. HI. 2 c 
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paradox; because, in consequence of it, a very smaU quantiij 
of water may be made to produce all tbe effects of a very grtui 
weight. Mr. Bramah*s very ingenious press is founded upou \U\n 
property of fluids. If tbe side and bottom of a vessel be equaf» 
then tbe pressure on tbe bottom is twice as great as on tbe side:^. 
Hence, if we wisb to inclose a pond of water by a wall, it is ob\i. 
ous that tbe tbickness of tbe wall at the bottom must be |>reater 
Uian at tbe top, as it has a much greater pressure to withstand. If 
tbe wall at the bottom be |tbs of the height of the water, it will 
jast balance tbe pressure of tbe water. A secure wall would re. 
quire to be thicker. 

4. When a bony floats in water, it loses a portion of its own 
weight, just equal to that of tbe water which it displaces. TJie 
same proposition holds if tbe body be plunged entirely under the 
surface; in which case the bulk of water displaced is just equal to 
the bulk of the body immersed. This principle was ilrsl observed 
by Archimedes, and be founded on it the method of ascertaining 
the specific gravity of bodies, as at present practised. Let w be 
tbe weight of any bddy in air, w' its weight when immersed in wa- 
ter, then w— w' is the weight of the water equal to tbe bulk of the 
body» Let 1 be tbe specific gravity of water, and / tbe specific 
gravity of w, then we have 1 : 5 : : w— w^ : w ; which gives us s zz 

;, the specific gravity required. As the weight of water va- 

w "^ w 

ries with the temperature, it is usual to take specific gravities at the 

temperature of 60". 

5. When a body floats in water it affects a particular position, 
and this position is such, that the line which joins the centre of 
gravity of the body and the centre of gravity of the immersed part, 
is always vertical. Hence a body floating in water may ha\e bucli 
a form as to have no stability, h\ii to float indiflereuily in any po- 
sition whatever. Tiie form must be sucii, that the centre of gravity 
of the immersed part always retains the very same position, what. 
ever part of the body is under water. This is obviously the cabe 
with a sphere : or a body floating in water may have a great dciil 
of stability or tendency to return to a particular position : or it may 
have a particular position which it prefers, but from which it is very 
easily driven. Stability is obviously an important nquibite in ship- 
building. Now tbe lower tbe centre of gravity of a ship is below 
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the deck, the greater iU stability ; but if it be too low, the ship 
returns to the fertkal positiou with such celerity as to endanger the 
masts \ 



SECTION II. 

Motion and'Rcsistance of Fluidi. 

How Ev Ell satisfactory the general principles of motiod may be^ 
when applied to the action of bodies on each other, in all those cir« 
cumstances which are usually included in that branch of natural 
philosophy called mechanics, yet the application of the same prin. 
ciples in the investigation of the motions of fluids, and their actions 
on other hollies, b subject to great uncertainty. That the different 
kinds of airs are constituted of particles endued with repulsiTe 
powers, is manifest from their expansion when the force whli which 
they are compressed is removed. The particles being kept at a 
dbtance by their mutual repulsion, it is easy to conceive that they 
may move very freely among each other, and that this motion may 
take place in all directions, each particle exerting its repulsive power 
equally cm all sides. Thus far we are acquauited with the consti- 
tution of these fluids ; but with what absolute degree of facility the 
particles move, and how this may be effected under diflerent de« 
grees of compression, arc circumstances] of which we are totally 
ignorant. 

In respect to those fluids whicli are denominated liquids, we are 
still less acquainted with their nature. If we suppose their par. 
tides to be in contact, it is extremely diflicult to conceive how they 
can move among each other with such extreme facility, and produce 
effects in directions opposite to the impressed force without any sen* 
sible loss of motion. To account for this, 4he particles are sup« 
posed to be perfectly smooth and spherical. If we were to admit 
this supposition, it w^ould yet remain to be proved how this woold 
solve all the phenomena, for it is by no means self-evident that it 
would. If the particles be not in contact, they must be kept at a 
distance by some repulsive power. But it u manifest that these 
particlfs attract each other, from the drops of all perfect liquidt 

• There arc two excellent iiapen In the Tnnnctloni on the ttability of 
•hips by Mr. Atwoo<|. Phil. Trani. 1796, Vol. Ixxxvi. p. 46 { and 1798, voU 
Uixfiii. p. S0|. 

2 C2 
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nffectin^ to form themselves into ^heres. We musk therefore ad« 
mil ill this case both powers, and tliat where oDe- power ends the 
other begins, a>;rei>ably to Sir Isaac Newton's* idea of what takes 
place, no? onl^r in respect lo the constituent particles of bodies, but 
to i!ie bodies themselves. The incompre-vsibility of liquids (for I 
know no decisive experiments which have proved them to be com* 
pressible) seems most to favour the former supposition, unless we 
admit, in the latter hypothesb, that the repulsive force is greater 
thau aD> human power which can be applied. The expansion of wa» 
4er b} heat, and the possibility of actually converting it into two 
permanently elastic fluids, according to some bite experiments* seem 
to prove that a repulsive power exists between the particles ; for it ij 
hard to conceive that heat can actually create any such uew powers^ 
or that it can of itself produce any such effects* All these uncer- 
tainties respecting the constitution of fluids must render the cou* 
elusions deduced from any theory subject to considerable errors, 
excq>t that whicli is founded on such experiments as indude in them 
the consequences of all those principles which are liable to any de. 
gree of uncertainty. 

A fluid being composed of an indefinite number of corpusclesy we 
nyust consider its action, eitlier as the joint action of all the cor- 
puscles, estimated as so many distinct bodies, or we must consider 
tiie action of the whole as a mass^ or as one body. In the former 
case, the motion of the particles being subject to no regularity, or 
at least to none that can be discovered by any experiments, it is 
impossible from this consideration to compute the effects ; for no 
calculation of eflects can be applied when produced by cause-s which 
are subject to no law. And in the latter case, the eflects of the 
action of one body ou another differ so much, in many respects, 
from what would be its action as a solid body, that a computation of 
its effects can by no means be deduced from the same principles. In 
mechanics, no equilibrium can take place between two bodies of dif- 
ferent weights, unless the lighter acts at some mechanical advantage ; 
but in hydrostatics, a very small weight of fluid may> without its 
acting at any mechanical advantage whatever, be made lo balance 
a weight of any magnitude. In mechanics, bodies act only in the. 
direction of gravity ; but the property which fluids have of acting 
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^ually in all directions, produces effects of such an extraordinary 
nature as to surpass the power of investigation. The indefinitely 
email corpuscles of which a fluid is composed, probably possess the 
same powers, and would be subject to the sante laws of ni6tion, as 
bodies of finite magnitude, could any two of them act on each other 
by contact; but this is a circumstance* which certainly never t.tkes 
place in any .of the aerial fluids, and probably not in any li<|uids. 
Under the circumstances, therefore, of an indefinite number of bo- 
dies acting on each other by repulsive powers, or by absolute con- 
tact, under the nncertainty of the friction which may take place* 
and of what variation of effects may be produced under different 
degrees of compression, it is no wonder that our theory and expe* 
riments should be so often found to disagree. 

Sir Isaac Newton seems to have been well aware of all these diffi- 
culties, and therefore in his Principia he has deduced his laws of 
resistance, and the principles on which the times of emptying vessels 
are founded, entirely from experiment. He was too cautious to 
trust to theory alone, under all the uncertainties to which he ap|iean 
to have been sensible it must be subject. He had, in a preceding 
part of that great work, deduced the general principles of motion, 
and applied them to the solution of problems which had never be- 
fore been attempted ; but when he came to treat of fluids, be saw 
it was necessary to establish his principles on experiments ; prin- 
ciples not indeed mathematically true, like his general principles of 
motion before delivered, but, under certain limitations, suflficienlly 
accurate for all practical purposes. 

The principle to be established in order to determine the time of 
emptying a vessel through an orifice at the bottom, is the relation 
between the velocitv of a fluid at the orifice and the altitude of the 
fluid above it. Most writers on this subject have considered the 
column of fluid over the orifice as the expelling force ; whence some 
have deduced the velocity at the orifice to be that which a body 
would acquire m falling down the whole depth of the fluid | and 
others that acquired in falling through half the depth, without any 
regard to the magnitude of the orifice; whereas it is manifest from 
experiment, that the velocity at the orifice, the depth of the fluid 
being the same, depends on the proportion which the magnitude 
of the orifice bears to the magnitude of the bottom of the vessel, 
supposing, for instance, the vessel to be a cylinder standing on its 

2 c 3 
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bate ; and in all caset the velocitVt utierU paribus^ will depend on 
the ratio between the magnitude of the ori6ce and thai of Che snif^e 
of the fluid. Conclusions thug contrary to matter of fact show, either 
that the priociple assumed is not true, or that the deductions from it 
are not applicable to the present case. The most celebrated theories 
on this subject are those of D« Beroouilli and'M. D*Alenibert; the 
former deduced his conqlusions from the principle of tlie coni#m0. 
iio virium vivarum, or as he calls it, the equalHas inter detcentum 
actualem ascensumquc potentialemt wbere» by the descensus 
actualis he means the actual descent of the centre of gravity, and 
by the ascensus poientialis, lie means the ascent of the centre of 
gravity, if the fluid which flows out could have its motion directed 
upwards; and the latter from the principle of the cquilibriuiB 
of the fluid. This principle of M. D'Alembort leads immediately 
to that assumed by D. Bemouilli, and consequently they both de- 
duce the same fluxioual equation, the fluent of which expresses the 
relation between the velocity of the fluid at the orifice, and the per- 
pendicular altitude of the fluid above i^ How far the priociplea 
here assnmed can be applied in our reasoning on fluids, can only be 
determined by comparing the conclusions deduced from them with 
experiments.. 

In order to determine whether there was any pressure of the fluid 
agamst the sides of the pipes as it passed through in all their dif- 
ferent situations, some small holes were pierced in them at different' 
parts. In the cylindrical pipes, and those in the form of increasing 
cones, the fluid passed by the holes without being projected out, or 
without having the least tendency to issue through them ; but in 
the decreasing cones the fluid spouted out at the holes. In the 
former cases therefore tliere was no pressure against the sides of the 
pipes, but in the latter case tliere was. 

In respect to the motion of the fluid through any of the pipes, I 
found no difference whether I stopped the pipe at the end of tlte 
tube which enters into the vessel, in which case the motion began 
when the tubes were empty, or whether at the other end, in which 
case they were full at the commencement of the motion. That the 
fluid should flow into the pipe faster than it would through an ori- 
fice, may probably, in part at least, be owing to the adhesion of 
the fluid to the pipe, and be thus explained. Though the horizon-. 
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fill motion of the fluid towards tlie orifice accelerates tlie velocity 
aitcr it cscafies from the vessel by contracting the stream, yet it 
iiiu^t diniinisih the velocity at the orifice; that is, if the same per- 
pendiciilar motion were to take place without the horizontal mo« 
tion, tiie fluid would flow out faster ; for as any motion in a fluid 
i^ imnicfiiatfly communicated in every direction, the horizontal mo« 
tion will produce a motion upwards, and in some decree obstruct 
the descent of the fluid. If therefore this horizontal motion could 
be taken away, or any how <rmiinished, the fluid Hould flow out with 
a «reater velocity. Now if a pipe be fixed, the fluid at the bottom 
of tlie vessel flowing towards the oriOce will, by its adherence to the 
vessel, continue to adhere to the sides of tlie p\pe as soon as it ar« 
rives there, and by this means almost all the horizontal motion will 
be destroyed, and converted into a per|>ondicular motion; for the 
horizontal motion arises principally from the fluid which flows from 
and very near to the bottom, where the whole motion is very nearly 
in that direction. This motion therefore l>eing thus nearly de« 
stroved, the fluid will he less interrupted at the orifice, and conse^ 
cpiently will flow out with a greater velocity. But why the velocity 
should also he increased either by increasing the length of the pipe, 
or making it an increasing cone, under certain limitations, is a cir« 
cumFtance which, I coiifes!*, I can give no satisfactory reason for. 

The above-mentioned experiments were made principally with a 
view to ascertain how far the theory of the motion of fluids can be 
applied; and the inquiry has led to several circumstances which 
probably have not hem observed brfore. That the theory is not 
applicable ui all ca^es, is nianifest ; but that it brings out conclusions 
in many instances which agree very well with experiment, is un* 
doubtedly true. This tends to show, either that the common prin- 
ciples of motion cannot be applied to fluids, and that the agreement 
is accidcnt'id ; or that under certain circumstances and restrictions 
the application is just. Which of these is the case, is not perhaps 
easy for the mind to satisfy itself about. Nothing however which is 
here said, is done with any \icw t<» detract from the merit of those 
celebrated authors. They have manifested uncommon penetratien^ 
and carried their inquiries on the subject to an extent, that nothing 
farther can be ho|>ed for or expected ; and if they had done no- 
thing else in science, this alone would have ranked them among 

2c4 



sgt OH THE r&icnoii and 

the "very first mathematicians* The fault has been non ari\fici$ 
zed artU. 

[Vince. Phil. Tram. 1795. 



SECTION III. 

On th$ Friction and Velocity of Currenii. 

. The effecU of friction b particularly exemplified by the motioiia 
of rivers, in which almost the whole force of gravity is employed in 
overcoming it. When the inclinations and dimensions of a river 
continue unitbrm^ the velocity is also every where equal ; for other- 
wise the depth would become unequal : here, therefore, the force 
of gravitation must be an exact counterpoise to the resistance which 
ii to be overcome, in order that the water may flow with its actual 
velocity j this velocity having been originally derived from the efifi^ct 
of a greulcr inclination near the origin of the river. When the 
river is thus proceeding, with an equable motion, it is said to be in 
train ; and it is obvious that no increase of its length will prodooe 
any alteration iu its velocity. There is, therefore, a very material 
difference between the course of a river, and the descent of a body, 
with an accelerated motion, along an inclined surface. For when a 
solid body is placed on an inclined plane, the force of friction is 
either great enough to overpower its relative weighty and to retain 
it at rest, or else the friction is constantly less than the gravitation, 
and the motion b alwavs accelerated. But the resistance to the 
motions of fluids arises principally from different causes ; not from 
the tenacity of the fluids, which, where it exists, is a force nearly 
uniform, like that of friction, but principally from the irregular mo- 
tions and mutual collisions of their particles; and in this case, ac« 
cording to the laws of mechanics, it must vary nearly in proportion 
to the square of the velocity. For when a body is moving in a line 
of a certain curvature, the centrifugal force is always as the square 
of the velocity 3 and the particles of water in ^contact with the.sides 
and bottom of a river or pipe, must be <leflected, in consequence of 
the minute irregularities of the surfaces on which they slide, into 
nearly the same curviliuear paths, whatever their velocity may be, so 
that the resistance, which is in great measure occasioned by this 
centrifugal force, must al^o vary as the square of the velocity. 
Thus also the curvature assumed by the outline of a stream of wa« 
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ler issuing from a simple orifice« which constitutes the contractioa 
already described, is verv nearly the same, wliatever the velocitjF 
may be: uor does the friction increase with the pressure, as is de« 
inonst rated by an experiment of Professor Robisou on the OMiIla* 
tion of a fluid through a bent tube, terminated by two bulbs, which 
were performed in the siime time, ivhether tiie tube was in a hori. 
2ontal or in a vertical position. Mr. Coulomb has also proved the 
same fact by experiments on the vibrations of bodies immersed in 
fluids, and suspended by twisted wires ; he finds that precisely at 
the surface, the friction is somewhat greater than at any deptb bc«, 
low it : he also considers a certain part of the friction as simply 
proportional to the velocUy, and a small portion only, in common 
fluids, as perfectly indepeudent of it. 

It is obvi.>ns that wherever the friction varies as the square of tlw 
velocity, or even when it increases in any de<;ree with the velocity, 
there must always be a limit, which the velocity can never exceed^ 
by means of any constant force, and this limit must be the velocity 
at which the re^idtance would become equal to the force. It is for 
this reason that a light body, descending through the air, soon ac 
quires a velocity nearly uniform ; and if it be caused, by any exter* 
nal force, to move for a time more rapidly, it will again be speedily 
retarded^ until its velocity be restored very nearly to its original 
slate. In the same manner the weight of the water in a river» 
which has once acquired a stationary velocity, is wholly employed 
in overcoming the friction produced by the bottom and the banks. 

From considering the effect of the magnitude of the surface ex* 
posed to the friction of the water, in comparison with the whok 
quantity contained in the river, together with the degree in which 
the river is inclined to the horizon, we may determine, by following 
the methods adopted by Mr. Buat, the velocity of any river of which 
we know the dimensions and the inclination. Supposing the whole 
quantity of water to be spread on a horizontal surface, equal in ex- 
tent to the bottom and bides of the river> the height, at which it 
would stand, is called the hydraulic mean depth ; and it may be 
shown that the square of the velocity must be jointly proportional 
to the hydraulic mean depth, and to the fall in a given length. If 
we measure the inclination by the fall in 280O yards, the square of 
the velocity in a second will be nearly equal to the pro<liict of this 
fall multiplied by the hydraulic mean depth. For example, in the 
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Ganges, and in some other great rivers, the mean depth being about 
SO feer^ and the fall four inches in a mile, the fall in 2SC0 \anls will 
be about 6^ inches, which, multiplied by 360 inches, ^ives 2S40 
inches for the square of the mean velocity, and 48^ inches, or about 
four feet for the mean velocity in a second, that is, not quite three 
miles an hour, which is the usual velocitv of rivers moderately ra- 
fiid. If, however, great precision were required in the deter niina. 
tion, some further corrections would be necessary, on acninnt of 
the deviation of the resistance from the exact proportion of the 
squares of the velocities : since the friction, as we have already seen, 
does iiot mcrease quite so fast as this. 

It is obvious that the friction of a (Itiid, moving on the surface of 
a solid alone, would not produce any material rcta relation of its 
notion, if the particles of the fluid themselves were capahle of 
moving on each other, without the least resist aiice ; for in this case a 
small portion of the fluid, in immediate coi.tact with the solid, might 
remain at rest, and the remaining mass of the fluid nii?lit slide over 
tbb portion without any retardation. It appears, however, that the 
water ID contact with the bottom of a river moves with a very con. 
siderable velocity, and the water next above this only a little faster^ 
so that the velocity increases almost uniforndy as we ascend towards 
the surface. It follows, therefore, that the resistance must be much 
greater where the particles of water slide on each other, than wlicre 
they glide along the surface of a solid. This inreriial I'riction o)>e- 
rates gradually throughout the water ; the surface being retanled by 
the particles immediately below it, those pai tides by the next infe- 
rior stratum, and each stratum being actuated, besides its own re- 
lative weight, by the friction of the water above, tending Xo draw 
it forwards, and hy that of tlie water below, tendiii:; si ill more to 
retard it; the retardation being communicated, from below up. 
wants, hi such a manner as to be every where equivalent to the re- 
lative weight of the water above the part considered. It appears 
fi'om observation, that when we have determined the mean velocity 
in English inches, we may tind the superficial velocity, very nearly, 
by adding to it its square root, and the velocity at botioni, by sub. 
tracting from it the same number ; thus the square root of 48^ 
being nearly 7> the su|)erficial velocity of the Ganges will be about 
5.5 inches, or 4 feet ^ inches in a second, and the velocity at the 
bottom 41|-« There are, however, frequent irregularies iu the pro. 
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portions of the velocities at different depths, and it has somelimes 
been observed, perhaps on account of the resistance of the air, that 
the velocity ii a little less, immediately at the surface, than a few 
inclies below it. 

For similar reasons, the velocity of a river is also generally greater 
in the middle than at the sides; huU the motion of tlie particles in 
the middle must be retarded, not only by those which are below 
them, but aUo by those on each side, while these, on the contrary* 
are dragged on by the water in the middle : the middle parts tend, 
therefore, to draw the sides towards them, which they cannot do, 
M'ilhoul lowering the surface of the fluid next to tlie banks, in such 
a degree as to make the difference of level an equivalent to tbii 
tendency tcT approach the middle. This appears to l»e the reasoa, 
why the surface of a large river may generally be observed to be 
sli«;htly convex, or a little elevated in the middle. 

The course of a river is sometimes interrupted by a were or a 
full^ natural or artificial: in such cases the velocity may be calcu* 
laled in the same mauner as when a fluid is discharged from a rcu 
servoir through an aperture of considerable height :' supposing Ibe 
whole section of the were to be such an aperture, in a vessel so 
much higher, that the velocity of a fluid issuing from it at the 
upper part of the aperture would be precisely equal to the actual 
velocity of the river. The extent of the swell caused by a were, or 
by any partial elevation thrown across the bed of a river, may also 
be found by first determining the height at which the surfiice muA 
stand immciliately above the were, and then calculating the inclioa. 
tion of the surface which will be required for producing the actual 
velocity, in the river thus made deeper; which of course will deter- 
mine the situation of I he surface where the water approaches tlie 
were; and this surAicc, which is more nearly horizontal than the 
general surface of the river, will be so joiued to it as to have a cur- 
vature nearly uniform throughout. 

It appears from calculations of the effects of various changes in 
the dimensions of rivers, as well as from immediate observation, 
that a considerable diminution of the breadth of a river at a parti. 
cular place, will often produce but a small elevation of its surface. 
The velocity, however, may sometimes be considerably increased by 
such a change, and where the bottom is of a loose nature, its par* 
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tides tiiay be carried awaj bj means of the increased velocity, and 
the bed of the river may be deepened. 

Where a river bends in ;i considerable degree, it is generally re. 
marked that the velocity of the water isi greater near the concave 
than the convex side of the flexure, that is, at the greatest dntance 
firom tlic centre of its curvature. This eflect is prolNibly occasioned 
bylhe centrifugal force> which accumulates the water on that side; 
ao that the banks are undermined, and the channel is deepened by 
its friction. Some authors have been led to expect that the velocity 
would be greater nearest to the convex hank, because the inclina* 
lien of the snrface must be a little greater there : but the effect of 
the accelerating force, in any short Hisiance, is inconsiderable* 
and it is more than com)>ensaied by the wunt of depth. It may 
casijy be understood^ that all aoi>les and flexures niu^t diminish the 
general velocity of the river's motion, and the more as tbey are 
the more abrupt. 

It has sometimes been imagined, that because the pressure of 
fluids is propagated equally in all directions, their motions ought 
also to diverge in a similar manner ; but this opinion is by no means 
well founded, even with respect to those particles which receive their 
motions in an unlimited reservoir {rom the impulse of a stream 
which enters it. An experiment, which sets lhi:i fact in a clear 
point of view, was made long ago by Ilauksbee. He produced 
m very rapid current of air, by means of a vessel, into which 
three or four times as much air as it naturally contained had been 
condensed by means of a syringe, and causing the current to pass 
through a small box, in which the bason of a barometer was placed, 
the mercury was depressed more than two inches in consequence 
of the rarefaction which the current produced in the air of the 
box. 

Professor Venturi has also made several experiments of a similar 
nature on the motion of water : he observes that not only the water 
in contact with a stream is drawn along by it, but that the air in 
the neighbourhood of a jet U also made to partake of its motion. 
When the mouth of a pipe, through which a stream of water is dis« 
charged, is introduced into a vessel a little below the surface of the 
Mrater which it contains, and is allowed to escape by ascending an 
inclined surface placed opposite to the pipe, and leading over the 



VELOCITY OP curhekts. 397 

side of the vessel, the stream not only ascemU this surfiiee withouC 
leaving any portion of itself beiiiiid, but carries also with it th« 
whole of the water of the vessel, until its surface becomes level with 
the lowest part of the stream. 

The effect of a jot of water, in drawing towards it a current of 
air, is in some measure illustrated by an experiment which is oAen 
exhibited among the amusements of hydraulics. A ball of coii, of 
even an egg, being placed in the middle of a jet, which throws up ft 
prelty large stream to a moderate height, the ball, instead of fallini; 
or being thrown off, as it might naturally have been expected to 
do, remams nearly either stationary, or playing up and down^ tk 
long as the experiment is continued* Besides the current of akr 
which Venturi has noticed, and which tends to support the ball ia m 
stable equilibrium^ the adhesion of the water, combined with its 
centrifugal force in turning round the ball, assists in drawing iff 
back, when it has declined a little on either side, so that thestreani 
has been principally in contact with the other side. A similar efied 
may be observed in the motions of the air only, as Dr. Young has 
shown by some experiments of which an account is published in the 
Philosophical Transactions. Thus, if we bend a long plate of metal' 
into tiie form of the letter S, and suspend it in the middle by a thread, 
so that it may move freely on its centre, and if we then blow oo its 
convex surface with a tube directed obliquely towards the extre* 
mity, instead of retreating before the blast, it will on the contrary 
appear to be attracted ; the pressure of the atmosphere being di- 
minished by the centrifugal force of the current, which glides along 
the convex surface, l>ecause it finds a readier passage in the neigh- 
bourhood of the solid, towards which it is urged by the impulse of 
the particles of the air approacliing it on one side, and by the de. 
feet of pressure on the other side, occasioned by the removal of a 
certain portion of the air which it carries with it. 

From considerations similar to those by which the velocity of a 
river is determined, we may calculate the quantity of water dis« 
charged frooi a pipe of any given dimensions, and in any position. 
The same expressions will serve for estimatini; the magnitude of the 
friction in both cases ; the pipe being considered as a small riv^, 
of which the mean depth is one-fourth of its diameter : but a part 
otdy of the force of gravity is now expended in overcoming the 
friction, llie rest being employed in producing the momentum of 
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of the wtter. We may obtain a sufficiently accurate detemibatioif 
of ihe velocity* by 8uppr»sing the height of the reservoir above the 
(^riiice of the pipe to be diminbhed in the same proportion as the 
diameter of (he pipe would be bcreased by adding to it one-fifkieth 
part of the lengthi and finding the whole velocity corresponding 
to four-fifths of this height* Thus» if the diameter of the pipe 
were one inch, and its length 100 inches^ we must suppose the 
effective height to be reduced to one -third by the friction* and the 
discharge must be calculated from a height four-fifths as great as 
this, which may be considered as a reduc ion derived from the in* 
terference of the particles* entering the pipe, with each othei^s mo- 
tions. If the diameter of the pipe had been two inches, the height 
must only have been supposed to be reduced to one*half by the 
friction ; such a pipe would* therefore, discharge about five times 
aamucli water as the former, although of only twice the diameter; 
and this circumstance requires the attention of all those who are 
concerned in regulating the distribution of water by pipes for do- 
mestic use* or for any other purpose. 

■ In such cases it becomes also frequently necessary to attend to 
the angle in which a small pipe b inserted into a larger ; whenever a 
pipe b bent, there is a loss of force according to tlie degree of flex* 
ure*and to the velocity of I he water, which may be calculated, if it 
be required ; but if a pipe be fixed into another through which the 
water is moving very rapidly, in a direction contrary to that of the 
stream, its dbchargc will not only be much smaller than if the di« 
rections more nearly coincided, but sometimes such a pipe will db« 
charge nothing at ail; on the contrary, like ihe air in IIauksbee*s 
experiment, the uater which it contains may be dragged after the 
stream in the larger pipe. 

IVoung'tNaf. Phil.'] 

SECTION IV. 

On Siphons and Jets of Water. 

It is very well known tliHt the general weight and pressure of tlie 
atmosphere upon liquids is capable of throwing thcuimp into tubes 
of a considerable height, one of whose extremities is immersed in 
the reservoir of the liquid made use of for this purpose, and the 
other constituting an exhausted receiver or vacuum.' Liquids^ how* 
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ever, are of diftoreut specific graviries^ and hence the weight and 
prcssur. of the atmosphere canuot raise them all to au equal height. 
Tiiu:i quicksilver will asceud in au exhaused tuhe to the height of 
about thirty- inches on the level of the sea, though as the air is 
lij^hter or perhaps less elastic at some times than at others, the 
liciglit of the columu \%ill vary between the limits of 27 and 31 
iijchcs : and we hence obtain the u^ful and well known uistrument 
denominated a barometer, concerning which we khall have occawott 
to s|>enk more at large hereafter. From the greater levity of water, 
a ccluum of tiiis liquid may be sustained in the tube or pipe of a 
pump to a height of from 30 to 35 feet, the pipe, by means of its 
valve or sucker, posse^siug a vacuum on its upper entremity like 
that of the upper extremity of the barometrical tube. 

It b from tliis curious fact that we are able, without any addi« 
tional machinery, to Jiave the water conveyed by pipes supplied 
from a reservoir or fouutain of equal elevation to the upper stories 
uf our houses whose height does not exceed from thirty to thirty* 
five feet. Au*! hence the origin of natural or artificial Je/t tPsaux, 
jets of water or spouting foiuitaius ; the jet being supplied from an 
elevated head or reservoir by means of artificial tubes or natural 
channels or conductors. These tubes or conductors, whether 
natural or artificial, are sometimes bent, and are then called siphone, 
and according to the nature and complexity of the curvature, pro* 
duce a variety of striking and amusing phaenomena* 

When a !»ip!)on, or bent tube, obser\es Dr.Youn;;, is filled with 
a fluid, and its extremities arc immerdcd in fluids of the same kind, 
contained in diflerent vc>seU, if both their surfaces are on the same 
kvil, the whole remains at rest; but if othenvibe, tlie longer 
column in the siphon prepond^ nites, and the pressure of the at« 
niospiiere forces up the fluid froin the higher vessel, until the equi* 
lihriuin is restored ; provided, however, that this pressure be suffi. 
cii-ntly powerful: for if the height of the tube were more ihau 34 
feet for water, or than tliirty inches for mercury, the pressure of 
tliC atmosphere would be incapable of fordiig np the fluid to its 
liigiu'St part, and this part remaining empty, the fluid could no 
iod 'er conluiue to run. 

If the lower vessel be allowed to empty itself, the siphon will 
t-ontlnue ruiiuing a^ long as it is supplied from the upper, with a 
\r]ijrity nearly corrcspouiliug to the height of that portion of the 
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iioid in the longer leg, which is not counterbalanced by the fluid in 
the shorter ; that is, to the height of the surface of the upper 
vessel above that of the lower one, or above the end of the siphon, 
when it is no longer immersed ; for the height of the pipe is in all 
cases to be considered as constituting a part of that height which 
produces the pressure. Thus the discharge of a pipe, descending 
from the side or bottom of a vessel, is nearly the same as from a 
sbnilar horizontal pipe, inserted into a reservoir of the whole height 
of the descending pipe and of the fluid above it ; and this is true 
even when the depth of the vessel is inconsiderable, in comparison 
with the length of the pipe, if its capacity is suflScient to keep the 
pipe running full. It appears at first sight extremely paradoxical, 
that the whole water discharged, each particle of which is subjected 
to the action of gravitation in a pipe l6 feet long, for half a second 
only, should acquire the velocity of 32 feet in a second, which 
would require, in common circumstances, the action of the same 
force of gravitation for a whole second, and this fact may be con. 
sidered as favourable to the opinion of those; who wish to estimate 
the magnitude of a force^ rather by the space through which it is 
continued, than by the time during which it acts ; but if we attend, 
to the nature of hydrostatical pressure, we shall find that the effect 
of the column on the atmos]>lierc is such, as to produce, or to 
develope, a portion of accelerating force which is actually greater 
than the weight of the particles immediately concerned. If a doubt 
could be entertained of the truth of tliis theory, it might easily be 
removed by recurring to tlie general law of ascending force, since 
it follows from that law, that each panicle^ which descends in any 
manner tlirough the space of 1() feet, must acquire, either for itself 
or some other particles, a power of ascending to the same height; 
and on the other hand, the event of the experiment contirms the 
general law. For if we fix a shallow funnel on a vertical pipe, and 
pour water into it, so as to keep it constantly full, while the pipe 
discharges itself into a reservoir, out of which the water runs 
through a second pipe, ])!nce(l horizontally, of exactly the same 
dimensions with the first, the height, at which the water in the 
reservoir becomes stationary, will be very nearly equal to the height 
of the fuiniel above its surface, so that the same height produces 
the same velocity in both cases. 

We may understand the action of the forces immediately con. 
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cenied in this eiperimeiit, by attending to the mntual effcets of the 
water and of the atmoiphere* The water entering the orifice mntt 
immediatelj acqnire a velocity equal to that of the whole water in 
the pipe« otherwise there would be a vacuum in the upper part of 
the pipe, which the pressure of the atmosphere will not permit ; 
nnd this pressure^ considered as a hydrostatic tbrce, is equal to that 
which would be dierived in any other way from a colamn of the 
same height with the pipe, since the weight of the water in tlie pipe 
is wholly employed in diminishing the connterpressure of the at*- 
mospbere below, not only in the beginning, when it is at rest, but 
also while it is in motion ; for that motion being uniform through* 
ont its descent, the power of gravitation is expended in producing 
pressure only ; so that the pressure of the atmosphere on the water 
in the funnel becomes completely analogous to the pressure of a 
reservoir of water, of the same lieight with the pipe. The circnm^ 
stance, which causes the appearance of paradox in this experimenfy - 
exists also in the simplest case of the di«charge of water; for ft 
may be shown, that the portion of accelerating force actually em* 
ployed in generating the velocity with which a stream is discharged - 
through a small orifice, is twice as great as the pressure of the fluid 
on a part of the vessel equal in extent to the orifice ; and in tlie 
same manner the quantity of force exerted by the atmosphere on 
the water in the funnel, as well as that with which the descending 
fluid impels the aur below, is equal to twice tlia weight in the quaA« 
tity exbting at any time in the pipe. 

There is, however, a iimit» which the mean velocity in such a 
pipe can never exceed, and which is derived from the magnitude of 
the pressure of the atmosphere. For the water cannot enter the 
pipe with a greater velocity than that with which it would enter an 
exhausted pipe, and which is produced by the whole pressure of the 
atmosphere; and this pressure being equivalent to that of a column, 
of water 34 feet high, the velocity derived from it is abont 47 feet 
in a second : so that if the vertical pipe were more than 34 feet 
long, there would be a vacuum in a part of it near the fnnnel. 

Wherever a pipe of considerable length descends from a funnel, 
if the supply of the ftuid be scanty, and especially if it approach 
the orifice obliquely, the pressure of the atmosphere, and the ceo. ' 
trifugal force of the particles which must necessarily revolve romid 
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tiM orifiet » will ttoile in prodacbig a ipscnity in the ctntrc ; snd 
when this hmjp^m, the liiscburgt is cousdenbl^ diminiriwd* 

In Cider tiint a sipbon maj ran, it it obnoiit that it must firil be 
tikdi and when it is once filled, it will continue to ran till the 
reaervw is exhausted, as far as the level of its upper orifice. And 
from this circumstance, the phenomena of some intermitlhig springs 
have been exphiioedi which only begin to ron, when the resenroirs 
Arom which thej originate bare been filled by continued rains, and 
then go on to exhaust them, even though the weather may be dry. . 
Ftom a combination of several such siphons and reserroirsy a great 
munber of alternations may sometimes be produced. 

Since the velocity of a stream or jet issuing in any ^hrectiony out 
of a simple orifice, or a converging one^ is nearly equal to that of 
n heavy body falliog from the height of the reservoir, it will rise, if 
directMl upwards, very nearly to the same height, excepting a sNght 
difierence occasioned by the resistance of the air, and by -tlie force 
which n lost, in producing the velocity with which the particles 
must escape laterally, before they begin to deslend. The truth of 
this conclusion is easily confirmed by experiment. 

If a jet issue in an oblique or ui a horizontal direction, its form 
will be parabolic, since evety particle tends, as a separate projectile^ 
to describe the same parabohi in its range: and it may be demon- 
strated, that if it be emitted horizontally from any part of the side of 
a vessel, standing on a horizontal plane, and a circle be described, 
having the whole height of the fluid for its diameter, the jet will 
reach the plane, at a distance from the vessel twice as great as the 
distance of that point of the circle, through which it would have 
passed, if it had continued to move horizontally. And if the jtt 
rise in any angle from the bottom of the vessel, the utmost height^ 
of its ascent will be equal to that of the point in which it would 
meet the same siniicircle, if it continued to move in a right line, 
and the horizontal range will be equal to four times the dbtaiice, 
intercepted between the same point and tlie side of iJie vessel. 
This law b equally irue with regard to simple projectiles: but the 
experiment is most conveniently exhibited in the motion of a jet. 

We have hitherto considered the motions of fluids as continued 
principally in the same direction ; but they are frequently sulked 
to alternations of motion, which hear a considerable analogy to the 
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vftnuibiu of pendaliiiiB»; thus, if a loog lobe be ioMmrttd in ft 
fluifl, in a Tertical direction, and the sarface of tbe flaid widiin the 
tube be elevated a very little, by some external canse, tbe whole 
contents of tbe fluid will be urged downwards by a force, wbieh 
decreases in proportion to the elevation of the surface above the 
general level of tbe vessel, and when both surfaces have acquired 
the same level, tbe notion will be continued by tbe inertia of the 
particles of the fluid, until it be destroyed by tbe difference of 
pressures, which now tends to retard it ; and this alternation will 
continue, until tbe motion be destroyed by friction and by other 
resistances. It ifi aUo obvious, that since any two vibrations, in 
which the forces are proportional to the spaces to be described^ mn 
performed in e4|ual times, these alternations will require exactly tbe 
•ame lime for their completion, as the vibrations of a pendnlnni» 
of which the length is equal to that of the whole tube ; for the 
relative force in the tube is to tbe whole force of gravity as the 
elevation or depression is to the whole length of the tutie. Henoe 
a follows, that if two such tubes were united below, so as to form 
a single bent tube, tbe vibrations might take' place in the whole 
compound tube, in the same manner, aud in the same time, at in 
each of the separate tubes; nor would the effects be naterially 
nlteied if any part of tbe middle of the tube were in a horiiontnl 
or in an oblique direction, provided that the whole length remamad' 
unaltered. In such a tube also, aH vibrations, even if of consider* 
able extent, would be performed in tbe same time, and would long 
remain nearly of the same magnitude ; but in a siugle tutie, open 
below, the vibrations would continually become less extensive, and 
their duration would also l>e altered as well as their extent ; besides 
the unavoidable resistances, which would in both cases interfeic 
Wftib the regularity of the cdects. 

Mr. Wbiieburst, in the Philosopliical Transactions for 1775, has 
given a curious account of the application of these principles hi a 
contrivance for raising water, employed at Oulton, Cheshuw^ the 
seat of Philip Egerton, Esq. The water was contained in a reser- 
voir, from the bottom of which there passed a pipe to tbe kitchen, 
aixteen fetrt below the reservoir. This pipe bad two extremitiea; 
one of them funiisbeil with a stop-cock, was for tbe use of the 
hitchen; tlie other fumisbefl with a valve, termmatad near the 
bottom of a stout vessel containing air. Fioaa the botloi% 0I. this 
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air vessel, tbcre passed a tube to another reserroiry higher thao the 
original reservoir, and destined for the brew-house. When water 
•was drawn for the kitclien, the water in the pipe acquired, by run. 
Dingy a considerable velocity. Hence, when the stop.cock was 
shut, it acted on the valve, forced it open, and rushini; into the air 
vessel, compressed the air which it contained. This happeiung 
every time that water was drawn far the use of the kitchen, which 
was very frequently, Uie water made its way uito the brtw-house 
reservoir, and supplied it sufficiently. 

Dr. Darwin, by an application of the same principles, iogeiuousiy 
obtained au artificial spring from an elevated well at a considerable 
distance. The following is his account of the plan porsned, as 
communicated to the Royal Society in 1785. *' Near my house, says 
Dr. D., was au old well, about 100 yards from the river Derweot 
ill Derby, and about four yards deep, which had been many years 
disused, on account of the badness of the water, which I found 
to contain much vitriolic acid, with at the same time a slight sul. 
phureous smell and taf>te ; but did not carefully analyse it. The 
. mouth of this well was about four feet above the surface of the 
river ; and the ground, through which it was sunky Consisted of a 
black, loose, moist earth, which appeared to have been very lately 
a morass, and is now covered with houses built on piles. At the 
bottom was found a bed of red marl, and the spring, which was 
so strong as to give up many hogsheads in a day, oozed from be« 
tween the morass and the marl: it lay about eight feet beneath the 
surface of the river, and the wati-r rose within two feet of the top 
.of the well. 

*' Having observed that a very copious spring, called Saint Alk« 
mund's well, rose out of the ground about half a mile higher on the 
same side of the Derwent, the level of wliicli I knew by the height 
of the intervening wier to be about four or five feet above the ground 
about my well; and having observed that the higher lands at the 
distance of a mile or two behind these wells, consisted of red marl 
like that in the well ; I concluded, that, if I should bore through this 
stratum of marl, I might probably gain a water similar to that of St. 
Alkmunds well, and hoped that at the same time it might rise above 
the surface of ray old well to the level of St. Alkmund's. With this 
intent a pump was first put down for the purpose of more easily 
keepmg dry the bottom of the old well, and a hole about 2^ indieB 
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Uiameter was theu bored about 13 yards below the bottom of the 
well, till some sand was brought up by the auger. A wooden fipe, 
which was previously cut in a conical form at one end, and armed 
with an iron ring at the other, was driven into the top of this hole» 
and stood up about two yards from the bottom of the well, and 
being surrounded with well rammed clay, the new water ascended 
in a small stream through the wooden pipe. Our next operatiom 
was to build a wall of clay Hgainst the morassy sides of the w^il» 
with a wall of well.bricks internally, up to the to|i of it. Tliis 
completely stopped out every drop of the old water j and, on tak« 
ing out the plug which had been put in the wooden pipe, the new 
water in two or three days rose up to the top, and flowed over the 
edges of the well. 

'' Afterwards, to gratify my curiosity in seeing how high the new 
spring would rise, and for the agreeable purpose of procuring the 
water at all times quite cohl and fresh, I directed a pipe of kad^ 
about eight yards long, and } of an inch diameter, to be introduocd 
through tlie wooden pipe described above, into the stratum of marl 
at the bottom of the well, so as to stand about three feet above 
the. surface of the ground. Near the bottom of thb leaden pipe 
was sewed, between two leaden rings or Ranches, an inverted cone 
of stiff leather, into which some wool was stuffed to stretch it oat» 
so that, after having passed through the wooden pipe, itjmight com* 
pletely till up the perforation of the clay. Another leaden ring or 
flanch was soldered round the leaden piiie, about two yards below 
the surface of the ground, which, with some doubles of flannel placed 
under it, was nailed on the top of the wooden pipe, by which means 
the water was perfectly precluded from rising between the woodea 
and (he leaden pipes. 

** This being accomplished, the bottom of the well remained quite 
dry, and the new water quickly rose about a foot above the top of 
the well in the leaden pipe: and, on bendingthe mouthof this jpipe 
to the level of the surface of the ground, about two hogsheads of water 
flowed from it in twenty.feur hours, which had similar properties 
with the water of St. Alknmnd's well, as on comparison both these 
waters curdelled a solution of soap in spirit of wine, and abounded 
with calcareous earth, which was copiously precipitated by a solution 
of fixed alkali ; but the new water was found to possess a gregter 
abundance of it, with numerous small bubbles of aerml acid or cal- 
careous gas. The new water has now flowed about twelve months* 
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mmI M6IM alrtady kicmsed tomknoit doiiUe the quantity in a gfrea 
Ikpe ; and I thmk it is now lets replete with calcareous earth, 
approaching gradoallj to an exact correspondence with St» Alk* 
naand'ii well» as it probably has its origin between the samestiata 
oTearth.** 

AsBsany BMontaas bear incontestable nutfks of having been foivibiy 
sa istd up by some power beneath them ; and other mountains, and 
o^ren islands, have been lifted np by subterraneous fires b our own 
times, we may safely reason on the same supposition in respect to 
aB other grsat ^e?atioos of ground. Froois of these circumstances 
ate to be seen on both sides of this part of the country : w h oetef 
wiii inspect, with the eye of a philosopher, the liroe*mountam at 
Breedon, on the edge of Leicestershire, will not hesitate a BMHiient 
In prwmoncing, that it has been forcibly elerated by some powers 
Wneath it ; for it b of a conical form with the apex cot od^ and f he 
•hata, which compose its central parts, and which are found nearly 
iortaontal in the plain, are raised almost perpendicularly^ and 
placed on their edges, while those on each side decline like the sor. 
htt& of the hill; so that thb mountab may well be represented by 
a bur made by forcing a bodkin through several parallel sheets of 
paper. At Router, or Eagle-stone, in the Peak, several large 
masses of grit stone are seen on the sides and bottom of the nsoun- 
tain, which by their form evince from what parts of the summit 
they were broken off at the time it was elevated ; and the numerous 
loose stones scattered about the plains in its vicinity, and half buried 
in the earth, must have been thrown out by explosions, and prove 
the volcanic origin of the mountain. Add to this the vast beds of 
toad-stone or lava in many parts of this county, so accurately des- 
cribed, and so well explained by Mr.Whitvliurst, in his Theory of 
the Formation of the Earth. 

Now as all great elevations of grouad have been thus raised by 
subterraneous fires» and in a long course of liu)e their sumniils have 
been worn away, it happens, that some of the more interior strata 
of the earth are exposed naked on the tops* of mountains ; and that 
in gf nerol those strata which lie uppermost, or nearest to the sum. 
mit of the mountain, are the lowest in the contfguous plains. This 
will be readily conceived if the bur, made by thrusting a bodkin 
through severol'parallel sheets of paper, had a part of iti apex cut 
off l^y a pen.knife, and is so well euplalned by Mr. Mieheil, in aa 
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iogemous paper on tbe Phenomena of Eirthquakes, published a few 
}«ars ago in Ihe Philosophical Tr^wactions, 

.And as the more elevated parts of a country are so moch colder 
than the vallies, owing perhaps to a concurrence of two or three eaiiaeSt 
but particularly to tlie less condensed state of the air on hills, whkh 
thence becomes a better conductor of beat, as well as of electridtyt 
and permits it'to escape the faster ; it is from the water condenaed 
on tliese cold surfoces of mountains that our common cold springs 
iiave their origin ; and which, sliding between 2 of the strata abovia 
described, descend till they find or make liemselve^ an outlet, and 
will in consequence rise to a level with the part of the roountam 
where they originated. And hence, if by piercing the earth yew 
gain a spring between the 2d and 3d, or 3d and 4th stratam, it 
must generally happen, that the water from the lowest stratum wSH 
rise the highest, if confined in pipes, because it comes oi%hiallj 
Irom a higher part of the country in its vieinity. 

' iVoung't Nai. PhiL Thomson's Phil. Trans. Ediiar. 

SECTION V. 

On Capillary Tubes and Siphons. 

CapilIiART tubes are tubes of glass, the interior aperture of 
which is very narrow, being only half a line, or less^ in diameter. 
The reason of this denomination may be readily perceived. 

These tubes are attended with some singular phsenomena, in tbe 
explanation of which^ philosophers do not seem to have agreed. 
Hitherto it has been easier, in this respect, to destroy, than to build 
up. The principal of these phenomena are as follow : 

1 • It is well known that water, or any other fluid, rises to the 
same height in two tubes which have a communication with each 
other; but if one of the branches he capillary, thb rule does not 
hold good: the water in the capillary tube rises above the level of 
that in the other branch, and the more so, the narrower the 
capillary tube b. 

It seemed very easy to the first philosophers, who beheld this 
phenomenon, to give an explanation of it. They supposed that 
the air, which presses on the water in the capillary tube, experiences 
some difficulty hi exercising its action, on account of the narrowness 
of tbe tube; and that the result must be an elevation of the fluid 
on that side. 
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This however was not very satisfactory; for what reason is there 
to think that the air, the particles of which are so mioute, wili not 
be at perfect freedom iu a tube half a iiue^ or a-quarter of a line^ 
in diameter] 

But whether this explanation be satisfactory or not, it b entirely 
overturned by the second and tliird phseiiomena of capillary tubes. 

2* When mercury is employed, in!>tead of water, this fluid, in- 
stead of rising in tlie ca))ilkiry in-anch, to the level which k reaches 
in the other» remains below that level. 

3. If the .experiment be performed in vacuo, every thing takes 
filace the same as iu the open air. The cause of Uiis plisNiomeuoD 
then is not .to be sought for in the air. 

4. If the inside of the lube be rubbed with any greasy matter 
such as tallow, the water, instead of rising above the level, remains 
below it» The case is the same, if the ex))eriment be made with a 
tube of waxy or the quills of a bird, the inside of which is always 
greas}'. . 

5. If the end of a capillary tube be immersed in water, this fluid 
immediately rises above the level of that in the vessel, and to the 
same height to which it would rise in a syphon, if one of its branches 
were a capillary tube, and the other of tbe common size ; so that 
if the surface of the water only be touched, it is immediately at- 
fracted, as it were, to tlic height abovementioned, and it remains 
suspended at that height wlieu the tube is removed from the 
water. 

6. If a capillary tube be held in a perpendicular direction, or 
nearly so, and if a drop of water be made to run along its exterior 
surface, when the drop reaches its lower aperture, it enters (he 
tube, if it be of sutTicient size, and ri^es to the height at which it 
would stand, above the level, iu the branch of a syphon of that 
calibre. 

7* The heights at uhich water maintains itself in capillary tnbcs, 
are in tlie inverse ratio of the diameter. Thus, if water ribc to 
the height of 10 lines in a tube one.third of a line in diameter, it 
ought to rise to the height of 20 lines in a tube one-sixth of a line 
in diameter, and to the height of 100 in a tube oue.30(h of a line 
in diameter. 

The falling of mercury below the level in such tubes, followsalso 
the inverse ratio of the diameters of tbe tubes. 
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9. Those persons would be deceived who . should imagine^ that 
Ae lightest liquors rise to the gfeatest height in these lobes : of 
aqueous liquors, spirit of wine is that which rises to the least heigbf. 
Id a tube in which water rises 26 lines, spirit of wine rises only 9 
or 10. The elevation of spirit of wine, in general, is only the half 
or a third of that of water. 

This elevation depends also on the nature of the glass : in certain 
tubes, water rises higher than in others, though their calibres beth^ 
same. 

To be convinced that these efifects arc not produced by a«y thing 
without the tube or the liquor, it is necessary to see these phaeno^ 
mena, which are indeed the same in a vacuum, or in air highly rare- 
fied, as in the air which we breathe. Tliey vary also according to 
the nature of the glass of wiiich the tube is formed ; and they are 
different according to the nature of the fluid. The causes there* 
fore must be sought for in something inherent in the nature of the' 
tube, and in that of the fluid. 

This cause is generally ascribed to the attraction mutually exer* 
cised between glass and water. This explanation has been contro- 
verted by Father Gerdil, a Barnabite and an able philosopher, who 
bas done every thing in his power to ovcrturu it. On the other 
hand, M . de la Lande has stood forth in its defence, and is one of 
those modern writers wlio have placed this explanation in the 
clearest light. The reader may consult also, on this subject, a very 
leanied and profound memoir by M. Weitbrecht, in the Memoirs df 
the Imperial Academy of Sciences at Petersburgh. 

When philosophers saw water rise in a capillary tube, above the 

level of that in which it was immersed, or above that at which it 

stood in a wider tube, with which it formed an inverted siphon; 

they were induced to conjecture the possibility of a perpetual mo* 

tion ; for if tlie water, said they, rises to the height of an ineh 

above that level, let us interru[)t its ascent, by making the tabe 

only three quarters of an inch in height : the water will then rise 

above the orifice, and falling down the sides into the vessel, the 

same quantity will agaiu rise, and so on in succession. Or, if the 

water that rises in the capillary branch of a siphon be conveyed, by 

an inclined tube, into the other branch, a continual circalatiob of 

the fluid will take place ; and hence a perpetual motion given by 

nature. 

TOL. Ill* 2 S 
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Bsty naSodaMttidy, tirfs Mea wai no4 c oufim ti by expmneiif . 
If the •aocnt of water« is a ctpillaiy tobe, be intercepltd^ by cuU 
ttag fbe tabc at bilf tbe htigbt, iar ea«nple» to wbicb tlla inHcr 
oagfat to riK, tbr lattet will sot riKe above the oriic* to Itiekle 
dawn Ibe siilea. Aad Ifae case, will be tbe sane in tbe other at- 
tempt. 

SBCTION VI. 

On the force of Moisture in raising Burthens, 

One of the most singular phaenomena in physics^ is the fotce 
with which tbe vapour of water» or moisture^ penetrates into those 
bodies which are susceptible of receiving it* If a very considerable 
burthen be affixed to a dry and well stretched rope« and if the 
lope be only of such a length as to suffer the burthen to rest 
CO the ground, on moistening the rope» you will see the buitben 
laised up. 

The anecdote respecting the ilamous obelisk erected by Pope 
Siitus V. before St. Peter's at Rome, b well known. The cheva* 
lier Fontana, who bad undertaken to raise this monument, was, it 
it said^ OB the point of failing in his operation* just when the co« 
lumn was abo^ut to be placed on its pedestal. It was suspended ioi 
Ibe open air, and as the ropes had stretched a little, so that the 
base of tlie obelisk could not reacli the summit of the pedestal, a 
Frenchman cried out *' Wet the ropes.'* This advice was follow- 
ed ; and the coluinu» as if of itself, rose to the necessary height> to 
be placed upright ou the pedestal prepared for it. 

This story however, though often repeated, is a mere fable. 
Those wlio read the description of the manceuvreg which Fontaua 
employed to raise his obelisk, will see that he had no need of such 
assistance. It was much easier to cause his cap^aus to make a few 
tnms more^ tjiaii to go in quest of sponges and water to moisten his 
topes. But the story is established, and will long be repeated in 
France, because it relates to a Frencliiuan. 

However, tlie following is another instance of the power of mois- 
ture, in overcoming tbe greatest resistances : it is the method by 
which millstones are produced. When a mass of this stone has been 
found sufficiently large, it is cut into the form of a cylinder^ several 
feet in height; and the question then is, how to cut it into hori- 
zontal piecesi to make as many millstones. For this purpose, cir- 
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colar and horiioiital indentations are cut ont quite around it, and 
at proper distances, according to the thickness to be given to the 
laillstones. Wedges of willow^ dried in an oven^ are then driven 
into the indentations^ by means of a mallet. When the wedges 
have sunk to a proper depth, ihey are moistened, or exposed to the 
humidity of tiie night, and nest morning the different pieces are 
found separated from each otiier. Such is the process which, ac* 
cording to M« de Mairan, is employed in different places for mak* 
ing millstones. 

By what mechanism is this effect produced ? This question has 
been proposed by M* de Mairan j but in our opinion, the answer 
which he gives to it is very unsatisfactory. It appears to us to be 
the effect of the attraction by which the water is made to rise in the 
exceedingly narrow capillary tubes with whidi the wood is filled 
Let us suppose the diameter of one of these tubes to be only the 
hundreflth part of a line ; let us suppose also, Ithat the inclination 
of the sides is one second, and that the force with which the water 
tends to introduce itself into the tube, is the fourth part of a grain : 
this force, so very small, will tend to separate the flexible sides to 
the tube, with a force of about 50,000 grains ; which make about 
8f pounds. Ih the length of an inch let there be only 50 of these 
tubes, which gives 2500 in a square inch, and the result will be an 
effort of 2 1875 pouuds. As the head of a wedge, of the kind 
abovenientioned, may contain four or five square inches, the force 
it exerts will be equal to about $0 or 100 thousand pounds; and if 
we suppose 10 of these wedges in the whole circumference of the 
cylinder, intended to form millstones, they will exercise together an 
effort of 900 thousand or a million of pounds. It needs, there- 
fore, excite no surprise that they should separate those blocks into 
the intervals between which they are introduced. 

[llution. Moniuch^s Ozanam, 
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